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Indeed, since the world began, the world will 
doubtless end, and astronomers are still asked: 
how could it be brought about? 
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ONE 


PROPHETS OF DOOM 

fV/iSJiB^s Tjfjg BND of tht world is approaching . . . 

This characteristic phrase, which opened the royal 
proclamations during the tenth century, might have been 
ViTitlen today. At present, there is a general and universal 
physical fear, with only one question: “When shall I be 
blown up?'* 

The idea of the end of the world has recurred again and 
again in the past, and yet the earth has not ceased to exist. 
However, prophecies in the near and distant past were 
based upon revelations in the Bible, the supewlilions of 
astrology, or bad scientific theory. Today the warnings 
come from absolute and irrefutable scientific fact: the basic 
power of the universe has been released, and man is rapidly 
attaining a position where he can end the earth as an 
inhabited Nvorld. 

The history of the “end of the world*’ is inlerestii^, for 
it is also the story of the human mind face to face with its 
own destiny; and in these days of despair, a review of this 
history reflects certain aspects of contemporary human 
behaviour. 

During the early ages of the Church, the belief that the 
end of the world was at hand was universally spread 
among Christians. In Nero’s reign, the great fire at Rome 
occurred (a.d, 64), which some ancient writers assert was 
ordered by the notorious Roman emperor. In order to 
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remove the odium of the conflagration from himsdf, Nero 
tried to throw the blame on to the Christians, and many of 
them were put to a cruel death- 

So much cruelty and madness, so many catastrophes, and 
so many horrors were crowded into the years a,d. 64-70 
that there was every indication that the angel of death had 
spread his wings over the world. There were innumerable 
prodigies—comets, shooting stars, eclipses, showers of blood, 
monsters, earthquakes and pestilences. There was the Jewish 
War with the Romans and thedeecmctlon of Jerusalem. And 
there was the destruction of the ancient city of Pompeii by 
an earthquake in a.d. 63. The people of Pompeii were still 
actively engaged in restoring the buildings when, in a.d. 
79, Mount Vesuvius vented its force and buried the town 
in a shroud of ashes and other volcanic debris. 

Though there seemed to be ample warning, though the 
Apocalypse, which was written by St. John in a.d, 69, 
seemed to announce the second coming of Christ before that 
generation passed away, the world’s end did not take place. 
The horrible Jewish War came to an end; and Nero, having 
been deserted because of his tyranny, and having fled to 
a house four miles from Rome, ended his life on hearing 
the trampling of horses on which his pursuers were 
mounted. 

Once more it became necessary to interpret the words of 
the evangelists. On this occasion, the coming of Christ was 
put off until afler the fall of tbe Roman Empire, and tiius 
considerable margin was given to the commentator. 
During the fourth and fifth centuries, the weakness of the 
Roman Empire in both the east and the west was revealed; 
.and in 47$, the Roman Empire in the west came to an end, 
However, the Empire in the cast was restored to neariy its 
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former height of physical power and culture for some time 
to come. 

St. Gregory C544-594), Bishop of Tours and the first 
historian of the Franks, began his history as follows: 

1 am about to relate the wars of the kings with hostile 
nations, I feel impelled to declare my belief. The terror 
with which men await the end of the world decides me to 
chronicle the years already passed, that thus one may know 
exactly how many have elapsed since the beginning of the 
world.*’ 

This belief in the end of the world was perpetuated from 
year to year and from century to century, in spite of the 
fact that nature failed to confirm it. Every catastrophe and 
every rare phenomenon in nature was regarded as a 
precursor of the final cataclysm. The belief was so profound 
that tenor haunted the human soul, and preachers success¬ 
fully worked upon the dread apprehension. 

But, as generation afrer generation passed, it became 
necessary to define once again the general and universal 
tradition; and this time the end was expected in the year 
1000. Many sects believed that Christ would reign with the 
saints for a millennium before the day of judgment The 
belief took on an exaggerated and sensual form with many, 
who anticipated a day of general rejoicing for the elect and 
a reign of pleasure. 

During this period many sermons were preached from 
the en^matical words of the Apocalypse: “And when the 
thousand years are expired, Satan shall be loosed out of bh 
prison, and shall go out to deceive the nations which are In 
the fbiv quarters of the earth . . . and another book was 
opened, which is the book of life.... And the sea gave up the 
dead which were in it; and death and hell delivered up the 
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dead which were in them: and they were judged every man 
according to thdr works.... And 1 saw a new heaven and a 
new earth... 

Bernard, a hermit of Thuringia (now a state in central 
Germany, but formerly a region and a republic), used these 
words of the Apocalypse as the text of his preaching; and in 
about the year 960, he announced that the cod of the 
world was near. He set the day as that on which the 
Annunciation of the Virgin should fail on the same day as 
Good Friday, a coincidence which occurred in 992. 

In the year 999 an “invading army” of pilgrims went to 
the Holy Land to await the Last Judgment at Jerusalem. 
And during the thousandth year, the number of pilgrims 
increased. Most of them had sold all their possessions or 
given them away. Shooting scan or chundentorms reduced 
them to panic and prayer. 

The end was prophesied for the twcncy-fburth of March, 
1000, by Dnithmar, a monk of Corbie. Terror was so great 
on that day that the faithful sought refuge in the churches, 
remaining until midnight before the relics of the saints, in 
order to die at the foot of the cross. From thig period date 
many gifb to the Church; lands and goods were given to the 
monasteries. 

The end of the tenth century and the beginning of the 
eleventh was a truly bizarre and fearful period. A wide- 
spread and fatal infectious malady, in which the flesh of the 
victims decayed and fell from their bones, swept through 
the length and breadth of Europe. Then came years of 
famine. “The price of a ‘muid’ of wheal,” writes the monk 
Raoul Giaber in a very curious document, “rose to sixty 
•gold sous; the rich waxed thin and pale; the poor gnawed 
the roots of trees, and many were in such extremity as to 
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devour human flesh. The strong fell upon the weak in the 
public highways; tore them to pieces, and roasted them 
for food. Children were enticed by an egg or some fruit 
into byways, where they were devoured. This frenzy of 
hunger was such that the beast was safer than man. 
Famished children killed their parents, and mothers feasted 
upon their children. One person exposed human flesh for 
sale in the market place of Toumus, as if it were a staple 
article of food. He did not deny the fact and was burned 
at the stake. Another, stealing this flesh by night from 
the spot where it had been buried, was also burned 
alive.” 

The end of so miserable a world was both the hope and 
the terror of that mournful time. 

To this critical period in the history of manJcind we owe 
the construction of the magnificent cathedrals which have 
endured the ravages of time and have cxdtcd the wonder 

of centuries. Immense wealth had been bestowed upon the 
clei^, which increased its riches by donations and in* 
heritance. “After the year JOOO,” writes Raoul Glaber, 
“the holy basilicas throughout the world were entirely 
renovated, especially in Italy and Gaul, although for the 
most part they were in no need of repair. Christian nations 
vied with each other in the erection of magnificent churches. 
It seemed as if the entire world, animated by a common 
impulse, shook off the rags of the past to put on a new 
garment; and the ^thful were not content to rebuild nearly 
all the episcopal churches, but also embellished the 
monasteries dedicated to the various s^ts, and even the 
chapels in the smaller village^ '' 

All chroniclers report on a retumii^ ecstasy of life after a 
particularly critical period in the history of humanity. 


Thus, aft«r the Black Death, there were new fashions in 
clothes. Marriages became more numerous, increasing the 
populations of the majority of towns above their former 
sue. Civic life revived, and the remarkable increase of 
power in France and England, which had been devastated 
to such a great degree, once ^ain gave testimony to the 
indestructibility of the human race. If atomic energy is 
turned to peaceful purposes, we can expect a similar rebirth, 
in which the world will once more begin to live and joy 
return to it. And this newly released force will permit man 
to create a vvorld rich and prosperous beyond all previous 
dreams. 

Though the fatal year looo had vanished into the past, 
the problem of the world^s end (though uncertain and 
vague) remained. Fostered by the belief in prodigies and the 
devil, it was to endure for centuries in the popular mind 

where it is still harboured today. 

The idea of the end of the world was not confined to the 
Church alone. In ii86, astrobgeis terrified Europe by 
announcing a conjunction of all the planets in the comcella- 
don of Libra, the Scales, which indeed occurred. Rigord, 
a writer of that period, says in the Life cf Philip Augustus'. 
“The astrologers of the East, Jews, Saracens, and even 
Christians, sent letters all over the world, in which they 
predicted, with perfect assurance, that in the month of 
September there would be great tempests, earthquakes, 
mortality among men, seditions and discords, revolutions 
in kingdoms, and the destruction of all thing. But,” he 
continues, “the event very soon belied their predictions.” 

In 1198, another alarm was raised when it was aH' 
nounced that Antichrist had been bom in Babylon and that 
ail the human race would be destroyed. A curious list could 
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be compiled of all the years it was said that Antichrist had 
been bom; the years might be counted by hundreds. 

Amauld de Villencuve, the celebrated alchemist, fore¬ 
told the end of the world for 1335; and on June 15, 1406, 
an ecUpse of the sun produced in France a general panic in 
which the people look refuge in the churches as if the world 
were about to perish. 

The famous Spanish preacher, St. Vincent Ferrer 
(1350?-1419) in a treatise called De la Fin du Monde et de la 
Seisnce SpintueiU, allowed the world as many yeare* duration 
as there are verses in the Fsalms—namely, 2537- 

In Germany, Stoeffler, a very celebrated astrologer and 
one of the most famous European mathcmaticiaiis, 
prophesied a great flood, as in the time of Noah, for the 
year 1524- The prediction was based upon his calculation 
that Saturn, Jupiter, and Mars would meet in the con¬ 
stellation of Pisces, the Fishes, in February of that year. 
Everyone in Europe, Asia, and Ahica to whom these tidings 
came, was tilled with a sudden overwhelming fear; and as 
the ominoiis day approached, the degree of fear and 
stupidity grew. Trade and commerce stopped. The 
peasants ceased to cultivate their fields. Work, everywhere, 
came to a standstill. No debts were paid; and money was 
spent on riotous living, though some grew the more pious as 
February drew near and their wet grave loomed close. Thus 
out of the vanished centuries echoes the hollow voice we 
hear on every side today: “Vk'hy bother concerning oneself 
with daily affairs when the end of the world is imminent?’’ 

Contemporary authors report that the people of the 
maritime provinces of Germany sold their lands for prac¬ 
tically nothing to those who had more money and 
credulity. Some moved to mountain districts in order to 


escape the waters, just aa some people are moving to the 
country to escape the Bomb today. Others built themselves 
boats like arb: a doctor of Toulouse, France, made a huge 
ark for himself, his family, and his friends. Similar pre¬ 
cautions are being taken at present by certain people who 
are building themselves atomic refuges out of caves, where 
they will live like our primitive parents. 

But February came and went, and no great flood 
occurred. While a 'vave of relief swept over the world, the 
Electorate Castle at Berlin-CoUn on the Spree could not 
free itself from fear and a dull sense of calamity. The 
Elector, Joachim I, was informed by his court astrologer, 
Johannes Garion, that Stoeffler had made an error in his 
calculations and that the flood would happen on July 15, 
1525. Moreover, Carion said that it would not be universal, 
but be confined to German territory and especially to 
Berlin-C&lln. This prediction v/ps kept a secret by order of 
the Elector. 

On the afternoon of July 15,1525, a formidable bank of 
clouds appeared on the horizon with the following results: 
the gates of the castle were suddenly thrown open, and a 
whole procession of state coaches (containing the Electoral 
^mily, it^ ministers and its household, together with the 
state cashbox) went racing along as rapidly as it could 
totvards a small hill. These proceedings were watched with 
dismay by the citizens, who were filled with terror when the 
reason for the extraordinary behaviour became known. 
Coupled with this terror was fiiry at the cowardly way in 
which th^ sovere^n had sought safety without a warning 
to his subjects, 

A little storm broke over the people on their miniature 
mountain at nightfall; but when the sun broke briefly 
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through the clouds> the Electre^ Elisabeth penuaded her 
companioQ^ to go home, where, in the courtyard, a flash 
of lightning, heraldlz^ an approaching storm, hilled the 
postilion, the four horses of the royal carriage, and all but 
tightened the Elector to death, 

Stoeffler, associated with the celebrated Regiomontanus, 
who probably prepared the tables used by Columbus on his 
voyage of discovery, undaunted by the failure of his Biblical 
flood, predicted the end of the world fox the year 1588. 
The astrological prediction was couched in the following 
apocalyptic language: “The eighth year following the 
fifteen hundred and eightieth anniversary of the birth of 
Christ will be a year of prodigies and terror, If in this 
terrible year the globe be not dissolved in dust, and the 
land and the sea be not destroyed, every kingdom will be 
overthrown humanity will travail in pain.” 

There were many other predictions of the final catas¬ 
trophe in the sixteenth century. In 153a, Simon Goulart 
gave the world a perfectly appalling account of terrible 
events seen in Assyria: a whole mountain opened and 
revealed a scroll saying (in Greek), “The end of the world is 
coming,” 

The famous astrologer Cyprian Leowitz predicted a 
deluge for 1584; it was again a question of planetary con¬ 
junctions. Louis Guyon, a contemporary, writes: “The 
terror of the populace was extreme, and the churches could 
not hold the multitudes which fled to them for refuge; many 
made their wills without stopping to think that this availed 
little if the world was really to perish; othen donated their 
goods to the clergy, in the hope that their prayers would 
put off the day of judgment.” 

Nostradamus, the king,of astrologers, whose forebodings 
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are still believed in by many people today, was among the 
prophets of the sixteenth century. In his book of rhymed 
prophecies, called Cmttffies, there is the following quatr^: 

Q^cnd GeoTgu IHat mieifiera, 

0^6 Marc U TtssusciterOy 
Et qut Si~ Jsan UporUra, 

Lajindu m&Tids orrivtra. 

The meaning is that when Easter falls on April 25 (St. 
Mark’s Day), Holy Friday will fall on April 23 (St George’s 
Day), and Corpus Christi on June 24. (St.John’s Day); and 
the end of the world will come. Camille Fiaiumarlon, the 
popular French astronomer, pointed out that this verse was 
not without mahee, for Nostradamus died in 1556, and the 
calendar was not reformed undl 1582. Before the introduc- 
don of the Gregorian calendar, it wta impossiblt for Easur 
Uj fail on April rji Easter fell on April 25, its latest possible 
date, in 1666, 3734, 1886 and 1943. It will again in 2038, 
so that there is still something to look forward to. 

Unusual phenomena, such as comets, ecUpses, new stars 
and shooting stars, also great volcanic emprions and earth* 
quakes, have frequently been associated with this fear of the 
end of the world. The announcement of the total solar 
eclipse for August 12, 1654, produced great alarm. Some 
believed that it meant the end of the world by fire, others by 
a new deluge, still others by poisoning of the atmosphere. 
By the orders of physidans, many locked themsdves in 
cellars, warmed and perfumed. Pierre Petit, a writer of the 
same century, mentioos that a country curate, who was 
unable to confess all who believed they were about to 
perish, told his parishioneis not to be in such haste, for the 
eclipse had been postponed for a period of two weeks. His 
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follower were as ready to believe in the postponement of 
this great natural phenomenon a$ they had been in its 
evil induence. ‘ 

In the United States> great sects have risen, like those in 
the Early Church, with the hope and fear of the end of the 
world as their main source of inspiration, recruitment and 
income. In 1843, the fear became practically nationwide. 
William Miller played the chief part in this American 
drama, a hne account of which has been provided by the 
writer Geoffrey Dennis. 

Miller was a simple man from New England. hUs only 
ejqjcrience in the wider world occurred when he served 
against Britain in the Canadian War. Then he settled down 
to farm life in the country, where he became rel^ous and a 
student of the Prophets, especially of Daniel. It was in the 
apocalyptic pages of Daniel that the date of the end of the 
world—1843—-was revealed. 

Miller’s only fear was that he might not have sufficient 
time to spread the news to those who were chosen, and that 
the time might be too short for these people to prepare their 
souls for the day of wrath. It would appear that Miller 
was a totally disinterested man: wealth, power and admira¬ 
tion were not his desire. He was finally spurred to action by 
certain rivals: by Harriet Livermore, who was announcing 
the end for 1847; by Joseph Wolff, of Jerusalem, who was 
waiting for the end in Jerusalem; and by Captain Saunders, 
of Liverpool, who was waiting for it in Liverpool. Having 
asked and been granted permission from heaven, Miller 
publicly announced his revelation. 

Miller determined the date of the end of the world by 
mathematical calculations based upon the writings of the 
Bible. The exact day was also revealed. The earth would 
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cease to exist by midnight on the vernal equinox, or 
March ii, 1843. 

The prediction won a large and immediate following. 
In a few months the Millerites had become a sect, spreading 
quickly throughout Massachusetts and beyond. In addition 
to the believers, there were also exploiters, such as Elder 
Joshua V. Hines. Hines thought that Miller, a humble 
iilumirU, was quite incapable of looking ailer the business 
and campaign side of the movement He launched a large 
organixed campaign: “End of the World for ’43.'’ It was a 
fruitful onej the movement grew, as did the wealth of its 
leader, Joshua. 

The movement also had its enemies. Orthodox pulpits 
attacked its destructive doctrines; they were harmful to 
their own. Some people declared that the Millerite house of 
worship would not be ready for dedication until May, 2 843, 
some weeks q/ier the end of the world. It was replied that 
there was a margin of error fox the actual day of the end. 
Others claimed that the temple was insured for seven 
years. This was denied. Obviously the Millerites were essen¬ 
tially dneere, for many of them had given away their 
furniture, sold their farms, cut down their orchards, and 
abandoned their crops. 

Then the comet came. It appeared suddenly in February, 
approaching the sun with frightful velodcy. Behind it, 
relatively to the sun, stretched a tail about 200,000,000 
miles long. It cut the night sky in two and was regarded 
as the sign indicating the coming of the world's end. New 
believcK came forward. Old bciicvers were irresolute. 

Before evening on March qi, 1843, large crowds of men 
and women moved out from Boston into the open country, 
to the small hills, from which heaven could receive them 
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most easily. Thousands of others followed to watch them. 
As the earth’s last darkness fell and the stare came out, the 
MUlerites joined in shouting hallelujahs untQ midnight 
The disorder and uproar were remarkable, Then the hour 
came—and went. Nothing happened. Through the dawn of 
March na, the crowds were seen movii^ homeward, crushed 
and silent, or weeping. 

In another place, a group of believers waited in white 
ascension robes, an idea of Eider Joshua V. Hines, though 
he later denied it. One man attached a turkey’s wings to his 
shoulders and attempted flight. He fell and broke his aim, 

At Westford, Massachusetts, the Millerites gathered in. 
thdr farmhouse headquarters, planning to spend the final 
evening in prayer and promise. Just before midnight, they 
intended to move outside for the ascension. Now it hap¬ 
pened that Crazy Amos was not a believer; and when the 
Millerites were all safely indoors, he went secretly to the 
village green nearby, There he blew a great blast on a great 
Lorn, which was Ms cherished toy. The Millerites heard. In 
a body, they hastened out of the formhouse, wildly pushing 
each other as they fought to lecuie the best position to be 
caught up from. Hiding in the darkness, Crazy Amos put Ms 
horn to his lips again and again, blowing even more 
fearful blasts than the first one. “Glory! Glory! Hallelujah!” 
the MjJleiites shouted as they raised their arms to heaven. A 
few of them actually rose into the air; the Second Ascension 
had begun. But, at that moment, some of the faithful dis¬ 
covered Amos blaring away. The shame, disappointment 
and foogue were great; and, as they shuffled indoors, Crazy 
Amos called after them in derision: “Fools! go dig your 
potatoes! For the Angel Gabriel, he won’t go a-diggiog 
’em for you.” 


WhiJc some of Miller’s followers dropped away after the 
ill'fated day, most of them remaned faithful to the' mov^ 
ment; for Miller was discovering new dates. The year was 
all he had ever announced as part of the revelation proper. 
There were nine months yet during which his prophecy 
could be fulfilled. Embarldng upon a scUl more intensive 
study of the Prophet, he at once discovered his mistake. The 
year was the Jtwsh year, so that the end was for the vernal 
equinox of 1&44. 

On the appointed day, new crowds, though diminished 
in size, went forth to the hills. Again nothing happened. 
But only when the Jewish year ended and the last hope was 
gone did the movement disappear. The world did come to 
an end, however, for old William Miller, who died soon 
after of a broken heart. 

During the meteor shower of November 27, 1872, when 
the sky seemed to be filled with as many meteors as snow* 
Hakes in a snowstorm, it is reported that some women, at 
Nice especially, as also at Rome, associated these celestial 
fireworks with the fall of the stars which the Bible foretold 
would usher in the end of the world. “And the stars of 
Heaven shall fall, and the powers that are in Heaven shall 
be shaken,” writ^ St. Mark about that last great event 

The twentieth century is not devoid of its prophets with¬ 
out honour. In 1910, when sdenfists announced that we 
would pass through the tail of Halley’s comet, there were 
dire predictions in the Press about poisonous gases that 
might asphyxiate all life on earth. In the journals of Sydney, 
Australia, an official warned his townsmen to remain 
screened indoors on the day it was calculated that the earth 
would be submerged in the tail. 

In 1945) a prophet in California gave the exact day, hour 
26 



and minute the world was going to eDd> according to a 
vision he had seen seven years before. When the appointed 
time arrived and nothing happened, he consoled his follow¬ 
ers by setting a new date and asking them to wait in 
patience. 

Ever mce the announcement of the atomic bomb, 
people have been asking, like our ancestors before a sudden 
darkness, a menacing comet, or a violent earthquake, 
this the end?” The geometric symbols of the atomic bomb 
glitter like Christmas-tree ornaments in today’s illimitable 
forest, and the ancient malady of fear of the world’s end 
goes forth in every land. 

It is true that natural forces of tremendous power 
have been in existence since the earliest days of man, that 
they have produced great destruction, but that they have 
not caused the end of the world. In the reign of Tiberius 

Claudius Nero Caesar, a terrible subterranean disorder 
convulsed all Asia Minor and Syria, destroyii^ twelve 
famous cities in a single night. The setting sun which 
had gilded their palaces and temples with its parting rays 
discovered them prostrate at sunrise the fbHowing morn¬ 
ing. 

On August 93, A.D. 79 (as has been mentioned already). 
Mount Vesuvius, awakening from the slumber of a thousand 
years, buried the towns of Herculaneum and Pompeii 
under a deluge of mud and ashes. Never has a volcano 
devastated a more cheerful paradise than the fields of 
Campania, or buried more beautiful cities. 

The violent eruptions of Mont PeWe on the island of 
Martinique the devastation of the entire city of Saint- 
Pierre is a modem example of the enormous power of 
hidden forces deep inside the earth’s interior. On the awful 
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day of May 8, 1902, cll tht inhabitants, or 50,tw persons^ 
perished, and the buildings suffered total desiructm. 

But the wartime application of atomic energy will not 
just put a few cities in ruins, Never before has a force 
capable of producing such widespread desrruedon been in 
existence upon the earth. A hydrogen bor^ nu^ blow up 
our planet, or it may annihilate all life on the earth through 
radioactive poisoning of the atmosphere, If nothing worse, 
an all-out war fought with such bombs might mean the 
obliteration of all the large dtics of the world, together 
with many of the smaller ones, and the death of all thdr 
inhabitants. 

On the ether hand, if atomic energy is turned to peaceful 
purposes, out of the comity years a Bantc, a bCchclangelo 
or a Palestrina may emerge. It is during periods of transition 
like these that great men and works of art are produced. 
Important strides are already being made in the sde&ce of 
medicine, and it is expected that the discoveries to be made 
with the 200-inch telescope will be no less important than 
those made by Galileo in the seventeenth century. A period 
of extra-terrestrial expansion is opening; man is finding 
himself on the very threshold of a new freedom, the freedom 
to travel beyond the earth’s atmosphere and explore the 
whole universe. The atomic age promises to be an era in 
which the conditions of life for all human beings will be 
greatly raised- Affording to every one of us the opportunity 
to develop and express such capacity as he has for truly 
human living and truly human work in the great common 
enterprise of man, the world of tomorrow may be the utopia 
of which men have so long dreamed. 
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COMET COLLISIONS 

T'kb most anxious question that has been asked of the 
astronomer is: How and when is the world to come to an 
end? It is a question which^ of course, the astronomer has 
no power to answer with truth, but it is one that he has 
answered frequently in good faith. 

It is quite natural to ask such a question of the as^n> 
mer, inasmuch as his science deals with the structure and 
evolution of the universe. These subjects are apt to throw 
some light on its future. Yet the quesdon has been answered 
(as was shown in the precedii^ chapter} by others than 
astronomers, by theologians on grounds connected with the 
revelations of the Bible, and by astrologers, whose province 
it was supposed to be to open the destiny of all things. But 
today this theological and astrological aspect of the last 
great day has given place to a modem scientihe study of the 
question. ^ 

In the last few years, a new phenomenon is to be noted: 
the nuclear physicist has been warning that the atomic 
bomb presents a new kind of a threat to our planet. For 
the first time in the history of the world, there is a man¬ 
made possibility of total destruction. Until the present, 
there have only been astronomical ones. 

The question of the end of the world is one which stands 
on a very different footing from that which it occupied 
before the days of Copernicus and Galileo. Thin it was 
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believed that the earth was the centre of the universe and 
that aJi the celesdal bodies were created for it Then the 
beginning of the world was the beginning of the universe; 
its end would be the end of everything. Xow it is known 
that the earth is one of several planets circlii^ the sun and 
that the stars arc suns with, perhaps, planetary systems like 
our own. Thus, the destruction of the earth will make no 
difference whatever to the other celestial objects—still less 
its becoming uninhabitable. It is an event which probably 
happened and is happening to other worlds, without 
influencing the rest of the universe in any marked degree. 
Neverthelcss, for ourselves, the question remains as inter- 
esting as if the earth were the centre of the universe, but 
it must be approached in a different way. 

The fear of comets, so vivid in the andent and early 
history of humanity, continues to reappear today. But there 
is an essential difference between the superstitious beliefe 
of former times and the credulity at present. Formerly 
every appearance of a comet was looked upon as a super¬ 
natural event, a warning from heaven; and natural mis¬ 
fortunes occurring in the days of the comet, such as winds, 
famines, plagues and the death of kings, were attributed to 
the passage of the terrible visitor and regarded as so many 
decrees of Providence. Today a comet is feared because of 
the popular impression that a collision between it and the 
earth is a fact which may occur, resuldng in the world’s 
end. This is the first astronomical possibility of the end of 
the world which will be considered. 

Imagination makes a mesh. Soaring to immense heights, 
the threads are drawn out to longer lines than rain, and 
fall, frequently, from nothing—as was the case in the spriig 
of the year 1773. From one fact—a sinyjle announcement 
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that Lalande was to read before the Academy of Sdences a 
paper called R^udons on those Cornels whUh con approach the 
earth—z rumour, scx)n followed by a strange panic, began 
in Paris and spread throughout France. The rumour was 
that the matheznatidan Lalande had predicted that on May 
20 or 21, i773j a comet would cross the earth’s path, collide 
with the earth, and produce the end of the world, 

The title of the paper alone was enough to set men’s 
minds picturing, in detail, a great astronomical catastrophe. 
What was imagined was absolutely without any foundation, 
however; nothii^ like this was to be found in the paper. 

The panic excited fay the rumour was so great that 
Lalande, before publishing bis work, inserted the following 
announcement in the Gajiellc de France of May 7: ‘'M, de 
Lalande bad not time to read a memoir on the subject of 
the comets, which by their approach to the earth may 
occasion disturbances to it; but he observes that it is not 
possible to fix the date of these events- The next comet 
whose return is expected is that which is due in eighteen 
years, but it is not among the number of chose which can 
harm the earth.” 

It appears that tUs notice did not restore peace to the 
minds of unscientific Frenchmen; for, under the date of May 
9, the following is written in the Mmoires de BachaumonU 
“The cabinet of M. de Lalande is still besieged by the 
curious, anxious to interrogate him upon the memoir in 
question, and doubtless he will give to it a publidry which 
is now necessary, in order to reassure those whose heads 
have been turned by the fables to which it has given 
rise. 

“So great has been the ferment that some diooiSy as ignor> 
act as they are foolish, solicited the archbishop to have a 

Bsw 33 


forty hours’ prayw, in order to arrest the enormous deluge 
threatened; and that prelate was on the point of ordering 
the prayer, when some Academicians made him sensible 
of the absurdity of such a proceeding. The false announce¬ 
ment in the GazstU de Frarut has created a bad effect, for it is 
believed that the memoir of the astronomer must have 
contained terrible truths, since they were thus evidently 
disguised.” 

In France wit never fails to assert its right. Far more 
effective was the refined irony of Voltaire in his celebrated 
Lsller on ike Pretended CorrnL Dated at Grenoble, May 17, 
1773, it ran as follows: 

“Certain Parisians who are not philosophers, and who, 
if we are to believe them, will not have time to become such, 
have informed me that the end of the world approaches and 
will occur without fail on the sotK of this present month of 
May. 

“They expect, that day, a comet, which is to lake our 
little globe from behind and reduce it to impalpable 
powder, according to a certain prediction of the Academy 
of Sciences which has not yet been made. 

“Nothing is more probable than this event; for James 
Bernoulli, in his Treatise upon the Cmety predicted expressly 
that the famous comet of 16S0 would return with a terrible 
crash on May 19, 1719. He assured us that its wig would 
signify nothing dai^erous, but that its would be an 
infallible sign of the wrath of heaven. If James Bernoulli 
has made a mistake in the date, it is, af^er all, but a matter 
of fifty-four years and three days. 

“Now, an error so inconsiderable being looked upon by 
all mathematicians as of no account in the immensity of 
ages, it is dear that nothing is more reasonable chan to 
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expect the end of the world on the 20th of the present month 
of May, 1773, or iit some other year. If the event should not 
happen, what is deferred is by no means lost. . . . 

“The Pariwans will not desert their city on the 20th inst.; 
they will sing their songs, and the play of The Comet and the 
End of the World will be performed at the Op^ra Con^ue.’* 

The last touch is as fine in its way as Sydney Smith’s 
remark that, if London were destroyed by an earthquake, 
the surviving citizens would celebrate the event by a public 
dinner among the ruins. 

Voltaire’s prediction was not fulfilled exactly to the letter. 
But what actually happened was even more preposterous 
than what the great wit had suggested: the alarm inspired 
by the end of the world was so great that opportunists took 
advantage of the terrors of the ignorant, and seats m Paradise 
were sold at a oery high rate. It was explained that the priest¬ 
hood had, by special intercession, obtained the privilege of 
dispensing a number of tickets. It would be curious to know 
what idea was held by those who bought the tickea as to 
the way in which they were to be used, to whom presented, 
at what time, and where. 

In 1832, a scientific announcement once again was 
wror^ly interpreted, giving rise to chimerical fears. In 
calculating the reappearance of Bicla’s comet which was to 
return In 1832, Damoiseau found that it would cut the 
orbit of the earth on October 29. Nothing more was needed 
than this detail to produce a panic. The papers said that our 
globe, violently struck, would be shattered to pieces, that 
the end of the world was evidently at hand- 
One important point alone had been forgotten. Arago, 
the celebrated French astronomer and phyadst, after 
conduding that a portion of the earth’s orbit would be 
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covered by the nebulosity of the comet, set people’s minds 
at rest by alluding to this point as follows: 

“There remains but one more question, which is this: 
at the time when the comet is so near our orbit that ic 
nebulosity will envelop some portion of it, whtn mil the 
earik itself be 

“I have already said that the passage of the comet very 
near to a certain point of the terrestrial orbit will take place 
on the 29th of October, before midnight; the earth, how¬ 
ever, only arrives at this point on the morning of the 30th 
of November, that is to say, more ihm a nmih later. We have, 
then, only to remember that the mean velocity of the earth 
in its orbit is 1,675,000 miles per day, and a very simple 
calculation will suffice to prove that the comet of six and 
three-quarter yeais period will be, at least during its 
apparition in 1832, alwajfs mare than 4Q mllions of miles from 
theearikV* 

In 1857, fear of the end of the world was current in 
Europe again. A fantastic prediction, this time coming from 
Germany, told of how the world was to be destroyed by 
fire, burned by the comet of June 13, 1857. The prediction 
at first related to the collision with an imaginary comet. 
But, with the serious expectancy with which scientists 
awaited the return of the comet of 1264 and 1556, the future 
catastrophe was attributed to the returning comet. Nothing, 
however, in the orbital clemenc of the comet of 1264 
justified such a coUisioo. 

The teiTors of the years 1773, 1832 and 1857 create a 
smile today. But similar fears, as in 1910 with Halley’s 
comet, have been renewed from time to time in our own 
century. 

The opinions of early scientists respecting the effects of a 
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collision, between a comet and the earth are curiotis. One 
of the strangest theories in the annals of science is the 
theological romance invented by Whiston, an Englishman 
and a contemporary of Newton, for the explanation 
of the Deluge. The theory is described in some detail 
here because of its interesting Mmilarity between the work 
of Immanuel Velikovsky, which recently created such a 
tremendous and widespread controversy, and because of 
its celebrity in science. 

In 1696, Whiston published A ^aef Theory of the Earth, 
in which the tbeologiaa-ascronomer explained, by the 
acdon of a comet, the geological revolutions recorded in the 
book of Genesis. His theory was at first hypothetical; it 
was not framed with respect to any particular comet. But 
when Halley assigned an elliptical orbit with a period of 
575 years to the comet of x68o, and when Whiston identified 
the dates of two of its former appearances with two of the 
years fixed by chronologists as the date of the Mosaic 
Deluge, he stated his theory more precisely, making the 
comet of 1680 appear as not only the destroyer of the human 
race by flood, but also as the destroyer of the world by fire 
In future ages. 

Accordii^ to Whiscon’s theory, the earth is an aadent 
comet whose perihelion (the point in the orbit of a celestial 
object where it is nearest the sun) was originally very dose 
to the sun. The great temperature to which the comet was 
subjected at each of its perihelion passages explains the 
central heat of the earth. When the earth was to be rendered 
habitable, one operation alone was sufficient: the centri¬ 
fugal force (the reaction of a body against a force that is 
cauring it to move in a curved path) of the comet was 
diminished; and its orbit was thus made less eccentric, so 
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that the globe^s perihelion was not as dose to the sun. 
This change caused the thick atmosphere of the ancient 
comet to become purified and the air, the soil and the 
water to gradually find their equilibrium. The sun and the 
moon looked down upon the earth, and man and beasts 
appeared. 

When man had sinned, Whiston said, a small comet 
passed very near the earth and, cutting obliquely the plane 
of its orbit, gave the earth a motion of rotation. (No doubt 
this was the comet which supposedly produced the perfect 
circularity of the terrestrial orbit which, according to 
Whiston, existed before the Deluge.) God had foreseen that 
man would sin and that his crimes would demand a terrible 
punishment; consequently He had prepared from the 
moment of creadon a comet to be the imCrument of His 
vengeance. The comet was that of 1680, and the catas¬ 
trophe was accomplished in the following manner. 

On November 28, 2349, or December 2, 2926 s.c., the 
comet, to which Whiston assigns a mass equal to a quarter 
of the eaith^s mass, cut the plane of the earth’s orbit at a 
point 9,000 miles from our globe. The meeting happened 
at noon under the meridian of Peking, where Noah was 
dwelling before the flood. The effect of this meeting was to 
produce a huge tide, not only in the waters of the sea, but 
also in those underneath the solid crust. The mountain 
chains of Armenia, which were nearest to the comet at the 
moment of conjunction, were opened and shaken to their 
foundations, and thus “were all the fountains of the great 
deep broken up.” The disaster did not stop here. The coma 
and tail of Che comet, coming into contact with the earth 
and its atmosphere, discharged an Immense quantity of 
aqueous particles, enough to produce forty days of rain; 
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and thus “the windows of heaven were opened.** According 
to Whiston, the depth of the waters of the Belize was about 
miles. 

Whiston also explained how the comet> which the first 
time drowned nearly all the living beings on the earth, 
will cause the destruction of the earth’s inhabitants by fire 
at a second encounter. Arriving behind us, the comet will 
retard the motion of our globe and change its orbit into a 
very eccentric ellipse. The earth, at the time of its perihelion 
passage, will be brought very near to the sun; it will ex¬ 
perience an intense degree of heat; it will be consumed. 

The comet may have a direct action as well: it may strike 
the earth. It is known that the comet of 1680 approaches 
very near to the aurfece of the sun, so that, following 
Pingre’s summary of Whiston’s views, “hardly can the 
mouth of a volcano vomiting forth lava liquefied by the 
interior consumir^ heat give an idea of the fiery atmosphere 
of this comet The ^ will then interpose no obstacle co the 
activity of the central fire; on the contrary, the mflamed 
particles with which our atmosphere will be charged, 
carried down by their own weight into the half-open bowels 
of the earth, will powerfully second the action of the 
central fire. This comet might even separate the moon 
the earth, and affect the diurnal and annual motion of the 
earth by rendering both these movements equal, and by 
destroying besides the ecccnlridty of the terrestrial orbit, 
which would again become drcular as before the Deluge. 
Lastly, after the srints have reigned a thousand years upon 
the earth, itself regenerated by fire, and rendered habitable 
anew by the Divine will, a comet will again strike the earth, 
the terrestrial orbit will be excessively elongated, and the 
earth, once more a comet, will cease to be habitable,” 


S 9 



Whiston, a man of great erudition and science, shared the 
feult of his lime: he tried to make his ideas accord both 
with theology and astronomy. Considering only the 
scientific side of the question, it is certain that Whiston’s 
theory is imteaable. No astronomer wottid admit as possible 
the enormous mass we are compelled to assign to the comet 
of x68o. Even assuming such a mass, its action would be of 
so short dtiration, because of the relative velocities of the 
comet and the earth, that the supposed effects would not 
have time to occur. These arc only two vital oyections; 
others could be added, and from the standpoint of other 
sciences as well. 

In 1950, a very controvenial book, Worlds in Collisicny 
by Immanuel Velikovsky, made its appearance, creating as 
much excitement as the apparition, of a great comet. This 
book bears a strildng resemblance to Whiston’s A Mew 
Thtory of the Eetrth, published some 250 years ago. Velik¬ 
ovsky, like Whiston, attempts to explain certain events in 
the Bible by cosmic catastrophes (the Deluge is to be the 
subject of another volume). Both authors maintain that 
comet collisions were responsible for terrestrial cataclysms* 
both authors believe that comets became planets; both 
authors support their theories by evidence fix>m historical 
texts, traditions and legends of many countries- As in d 
Mew Theoiy of the Earth, the science of Velikovsky’s work is 
completely untenable; it was so over a century ago and still 
is today. For this reason, there is no point in describing these 
ideas here at any greater length. 

In the middle of the eighteenth century, theological 
speculations engaged the attention of astronomers only 
slightly; but a very exa^eraced idea continued to exist 
regarding the amount of damage which the proximity of a 
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comet or its collision with the earth would be capable of 
producing. Maupertuis, the author of Littrs sur la 
believed that a comet could break the earth into a thousand 
pieces; both bodies would be destroyed, but from the 
fragments gravity would speedily form one or more new 
planets. Maupertuis, it would seem, was of the same way of 
thinking as certain amusing people who regard catastrophes 
of the most formidable kind as matters for calculation and 
opportunities for the furtherance of scientific knowledge. 

In his ZgUrss Cosmiegifusj, Lambert wrote that the 
near approach of a comet might bear the earth off into the 
region of Saturn, compelling it to endure a winter of several 
centuries, which neither man nor animal would be capable 
of resisting. 

Although Laplace considered the probability of a comet 
collision as extremely slight, and although he believed that 
cometary masses were so small chat only local disturbances 
would be produced, stiU he depicted the effects of a meet¬ 
ing, on the supposition that the mass of the comet was 
comparable to that of the earth. 

‘*The axis and the movement of rotation would be 
changed,” the great mathematician wrote in du 

du Monde. ‘*The seas would abandon their andeiit 
positions, in order to precipitate themselves towards the 
new e<)uator; a great portion of the human race and the 
animals would be drowned in the universal deluge, or 
destroyed by the violent shock imparted to the teirestiial 
globe; entire species would be annihilated; all monuments 
of human industry overthrown; such are the disasters 
which the shock of a comet would produce, if its mass were 
comparable to that of the earth.” 

Laplace, moreover, did not seem far from believiz^ that 
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such a cataclysm had taken place. The geological revolu¬ 
tions* which contemporary gcologisw tended to refer back 
to a not very distant date, appeared to him capable of being 
explained by such an event. “We see then, in effect,*’ he 
continued, “why the ocean has receded from the high 
mountains, upon which it has left incontestable marks of its 
sojourn. We see how the animals and plants of the south 
have been able to exist in the climate of the north, where 
their remains and imprints have been discovered; in short, 
it explains the newness of the moral world, certain monu¬ 
ments of which do not go further back than five thousand 
years. The human race reduced to a small number of 
individuals, and to the most deplorable stale, solely 
occupied fbr a length of time with the care of its own 
preservation, must have lost entirely the remembrance of 
the sciences and the arts; and when progress of civilization 
made these wants fell anew, it was necessary to begin 
agm, as if man had been newly placed upon the earth.** 
Today Laplace would toss this explanation of the geological 
facts of past times in discard. Modern science has since 
interpreted these facts very differently. 

At present there is a tendency on the part of some 
astronomers to laugh at comets and regard them as visible 
i^othings. This, however, is the other extreme, as the follow¬ 
ing discussion will demonstrate. 

It is now believed that comets are and always have been 
members of the solar system. They seem to be newly 
created objects only because they travel around the sun in 
immense paths, which do not permit frequent observatioii 
of them. 

Comets, in so far as shape is concerned, arc the jellyfish 
of the sidereal ocean. The globular-like part of that marine 
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animal might be compared (o the had of a comet, while the 
stingers, which go out behind, resemble the taiL The head 
usually comiscs of two parts, the com, a large nebulous 
body, and the nucleus, a bright, starlike point near the 
centre of the coma. Composed primarily of particles of 
stone and metal of a great variety of sizes and widely 
separated from each other, the head of a comet is also 
made up of gases and very fine dust, which are the main 
constituents of a comeds tail. 

Since many comets cross the earth’s orbit, the collision 
of the earth with a comet is not at all impossible. In feet, it 
has been computed that the nucleus of a comet which comes 
within the earth's distance fim the sun stands about one chance in 
400,000,000 of Htting ike earth. 

The signihcance of the numerical result can be illustrated 
in the following manner. Imagine an urn containii^ a total 
number of 400,000,000 balls, only one of which is black. 
Also imagine, ibr a moment, that if a comet were to strike 
the earth with its nucleus, it would annihilate the whole of 
the human race. In that case, the danger of death to which 
each individual would be exposed by the apparition of 
an unknown comet would be exactly equal to the danger 
he would incur supposing that his condemnation to death 
were the consequence of his picking the black ball at the 
ilrst drawing. 

This is a trifling danger indeed. It is even more so when 
we consider that such a coUmon could result in local ruin 
only and that the chances of a comet’s falling on a thickly 
populated area arc not great. For three-quarters of the 
earth’s surface is covered with water, and the land area Is 
not entirely inhabited- Yet the moment that a comet is 
announced, before it has been observed or its course 

43 






determined, it is for many individuals of o\ir globe die 
black ball of the um. 

Although the probability ag^nst a collision is so great, 
we need not entirely despair! As about five comets come 
within the earth's distance from the sun each year, it can 
be computed that a comet's nucleus should strike the 
earth, on the average, once in approximately do,000,000 
years, Accordingly, during the earth’s 2,000,000,000 years 
of existence, our planet must have undergone some 
twenty-five collisions. 

Encounters of the earth with the outer parts of the head 
should be much more numerous, while passages of the 
earth through the tails of comets are probably of frequent 
occurrence, since the tails are of such tremendous sise. 

The mass of comets appears to be only a small fraction 
of the mass of the terrestrial globe. For when comets pass 
near the planets, they do not cause any great disturbance 
in the planets* motions, nor even in those of their moons. 
On the other hand, comets have been so much disturbed 
during these approaches that the shape and period of their 
orbits have been changed entirely. In 1770, Lexell's comet 
made the closest observable approach of all comets to 
the earth, coming within a distance of appro»mately 
1,500,000 miles, or about six dmes the moon’s distance 
from the earth- As a result, its revolutionary period was 
chained by two and a half days by the earth's gravita¬ 
tional effect. According to the American astronomer 
Hussell, if the comet's mass had been 1/13,000 the earth's, 
our year would have been altered by this dose approach 
by the amount of one second. If the mass had been equal 
to the earth's, the earth’s orbit would have been changed 
and made larger, so that our year would have become two 
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hour$ and forcy-seven minutes loiter than it is. But no 
such result took place, 

Lexell's comet was calculated to return in 1776, but it was 
luvgr seen agedn. Investigators, taking up the problem, dis- 
covered that in 1767 and 1779 this comet had passed very 
close to Jupiter; and it was decided that its orbit was so 
greatly modlilcd by the giant planet that it had become a 
“lost comet.” 

During the 1779 approach, the comet passed between 
Jupiter and some of its satellites; but the moons did not 
have their revolutionary periods changed by this ex¬ 
perience, the signihcance being that the comet must have 
bad a mass less than 1 /5,ooo that of the earth. 

While the mass of comets is small as compared with 
that of the earth, these objects arc not such ‘‘airy noth¬ 
ings” that one could be packed into a suitcase, with 
room left over to spare. This idea of some individuals is 
entirely erroneous and most absurd. Authorities esdmate 
that comets are not more than 1/1,000,000 as massive as 
the earth and that most of them have masses much less 
this. Yet, even, with the above figure, a comet 
would weigh 6,000,000,000,000,000 tons. 

If a comet were of average dze (80,000 miles in diameter) 
and had a mass equal to 1/1,000,000 that of the earth, the 
average density would be 1/1,230,000 of that of the air at 
the earth’s surface. This degree of rarefaction is reached 
only by the best 2IT pumps. The low density of comets is 
indicated by two phenomena: first, stars are seen 
usually with undiminished lustre when a comet passes over 
them, and often right near its nucleus; second, comets 
become absolutely invisible when they pass across the face 
of the sun. The density of a comet’s tail is vastly less than 
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that of the coma or nucleus. It should be kept m mind, 
moreover, that the low average density of a comet does not 
necessarily mean that the density of its consdtuent parts is 
small, but that the solid parddes of which it is largely 
composed arc scattered over a largo cubic space. 

As to the consequences of the collision of the head of a 
comet with the earth, everything depends upon the size of 
the solid particles which compose it and which form the 
main portion of the comet’s mass. If they weigh tons, the 
bombardment experienced by the earth when struck by the 
comet would be disastrous, although it most likely would not 
result in the total destruedon of terrestrial lile. If the 
particles were for the most part as small as grains of sand, 
the result would be simply a magnificent display of shoot* 
ing stars. 

Meteor Grater in Arizona, declared to be the most interest¬ 
ing spot on earth by Svante Arrhenius, the great Swedish 
scientist, can be described as an example of the danger 
of the collision of a swarm of meteors, or a comet, with the 
earth. H. H. Nininger, one of the leading authorides on 
meteoritics (the systematic study of meteorites, meteors and 
associated phenomena), has recognized pordons of a large 
number of different meteorites around the crater; and since 
a comet is in the nature of a swarm of meteors (solid 
pardcles of a great variety of sizes widely spaced from each 
other), together with gases and very fine dust, it can be said 
that, at the dme the great crater was ibrmed, a comet struck 
the earth. 

, The proof of this great disaster, which occurred 20,000 
to 50,000 years ago, can be seen in Coconino County, in 
north-central Arizona, about Wenty miles west of Winslow 
and thirty-five miles east of Flagstaff. The crater is reached 
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easily by die Santa Railroad or by U.S. Highway 66. 

This spectacular topographic feature is 4,000 feet in 
diameter, with walls rising 150 feet above the surrounding 
plain and descending 600 feet precipitously to the floor. 
The Washii^ton Monument, if set on the centre of its floor, 
would not reach to the h^he of its rim; and if its walls were 
furnished with benches, like a great athletic stadium, it 
could accommodate s,600,000 spectatoit. This would still 
leave room on its central floor for several football flelds- 

The amount of sohd rock shattered or heaved aloft by 
the collision is estimated at over 300,000,000 tons; and 
although the floor is only 600 feet deep, inveat^dons reveal 
that the real bottom of the crater reaches a depth of 800 
feet below this level. That is, the true crater is filled to over 
half with rock fragment which rolled or fell back. 

For over half a century, men have bunted for the 
principal mass which was mainly responsible for the crater 
and which was thought to be buried at the bottom of the 
scar in the rock-ribbed desert Recently, however, evidence 
was found that the remains were under the very feet of 
the searchers. Thousands of millions of tiny nickel-steel 
particles, no larger than salt crystals, were found mixed 
with the soil about the crater. 

It is now believed that the energy of onward motion, 
when the comet struck the earth, was transformed into 
sufficient heat to vaporize the main body and the material 
it encountered. There must have been a violent explosion, 
shattering the surrounding rock strata and hmling it sky¬ 
ward- The cloud of metallic vapour from the vaporized 
body must have risen miles into the atmosphere; and, as the 
metallic vapour cooled and condemed, the nickel-swei 
particles formed and rained down upon the landscape- 
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On June 30, 1908, a group of large meteors sJruck the 
forested wastes of northern Siberia, A sound was heard 
louder than that of thunder, and a column of fire and smoke 
shot skyward and spread in all directions as dark clouds. At 
the place of the fall, trees were knocked down and scorched 
as if by a giant blow-torch—-their tops pointing ianlike in 
every direction &om the centre where the great impact h ad 
occurred, The scorching effect was visible for ten miles out 
from the centre, and trees were broken to a distance of 
fifteen miles. 

A farmer living fifty miles away was hit by a heat wave 
which he feared would set fire to his clothii^. He was next 
knocked unconscious by a great explosion; and upon 
leg^ning consdousness, he found his house destroyed. In 
another locality 1,500 reindeer were killed. And in still 
another a train had to be stopped because of earth tremon 
which nearly derailed it. 

Some 200 craters were found within a radius of one mile; 
and from the number and character of these craters, 
Professor Kulik of the Russian Academy of Sciences 
estimated that the total we^ht of the material was about 
40,000 tons. 

On the date of the Siberian catastrophe, the earth was 
within 2,790,090 miles of the Pons-Winnecke comet, and 
there is reason to believe that the meteors were fragments 
of it. Had the event happened in one of the great metro¬ 
politan centres, such as New York City, the destruction 
to life and property would have been appallix^, 

In 1950, a titanic new crater was discovered on the 
barrens near Hudson Bay. The Chubb Crater, as it is 
called, is 1.350 feet deep, two miles in diameter, and is 
beUeved to have been smashed out of solid granite between 



3,000 and 15,000 years ago. If it is conclunvely shown to be 
mcreoric in its origin, Chubb Grater replaces the well- 
authenticated Meteor Grater in Arizona as the world’s 
largest. 

These craters, formed by the fall of solid particles, such as 
compose the heads of comets, are dramadc proof of the 
danger of a comet striking the earth. 

A darker of a different kind has been suggested—that 
if the earth should pass through a comet’s tail, there might 
be a mixture of some deleterious gas in our respirable 
atmosphere and a general poisoning of the human species. 
The presence of carbon moncodde, wluch has been used for 
so many murders and suicides, and cyanogen, also a very 
poisonous gas, have been detected in comets. However, 
because of the low density of cometary matter (Watson 
states that each molecule of gas is separated from its nearest 
companion by several miles), it is believed that there is 
nothing to fear from passing thren^h a comet’s tail- 

Slnce several highly inf ammable gases (hydrogen and 
methylene) have been detected in comets, the thought 
occurs that if the earth were immersed in a comet’s t^, 
a spark might cause the whole incumbent mass of atmos* 
phere in which we exist to burst at once into a spedes of 
intense fame. Again, however, the very low density of a 
comet would appear to prevent such gases from do^ any 
mischief to the earth’s inhabitants. 

Moreover, fear is allayed by the knowledge that in several 
instances the earth did pass through the tail of a comet with¬ 
out any harm coming to the human family. On Sunday, 
June 30,1861, the earth was plur^ed in the large tail of the 
great comet of that year. The reply to the question, were 
any special phenomena observed which could be attributed 
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to this meeting, is probably to be found in a letter written 
by the English astronomer Hind to the editor of Tht Timts. 

. on Sunday evening,” he writes, “while the comet 
was so conspicuous, in the northern heavens, there was a 
peculiar phosphorescence or illumination of the sky, which 
I attributed at the time to an auroral glare; it was remarked 
by other persons as somethh^ unusual, and considering 
how near we must have been on that evening to the tail of 
the comet, it may, perhaps, be a point worthy of in- 
vesdgadon, whether such effect can be attributed to our 
prorimity thereto. If a similar illumination of the heavens 
had been remarked generally on the earth’s surface, it will 
be a significant fact.” 

Mr. £. J. Lowe, of Highfield House, near Nottii^ham, 
confirmed Hind’s statement of the peculiar appearance of 
the sky. The following note appears in the journal of this 
savant: “June 30: A singular yellow phosphorescent glare, 
very like diffused Aurora Borealis, yet being daylight such 
Aurora would scarcely be noticeable.” 

This br^htness of the sky was probably produced by the 
fact that the observers were looking into the bright stuff* 
of the comet’s tail, which enveloped the earth. On the other 
hand, since both observations were made in the same 
country, it m^hi have been some local meteorological 
phenomenon. 

Mr. Lowe also mentions that at the time of the illumina¬ 
tion of the sky, the sun gave but feeble l^ht. He says that 
in the parish church the vicar had the pulpit candles lighted 
at seven o’clock (during sunshine), which proves that a 
sensation of darkness was felt It may be that the gases and 
dust of the comet’s tail were responsible for obscuring the 
light of the sun. 
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Another imtance of the earth’s passing thioi^h the t^ 
of a comet is chat of Halley’s comet in i^io. 

Astronomy^ as we have seen, teaches that we do not need 
to fear comets—because of their small chance of colliding 
with the earth and their small masses. Should the head of 
a comet strike the earth, however, the event coold be dis¬ 
astrous if it took place in a great City, smashing it into a 
Meteor or Chubb Grater. 
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MOON, ASTEROID AND 
STAR COLLISIONS 

Comets are not the only objects which may wreak 
havoc with the earth by collision. According to one astro¬ 
nomical theory of the end of the world, the moon, by its 
close approach, may brii^ on a second deluge in the remote 
future. The following is humbly submitted by the author as 
a modem paraphrase of that part of the Bible which deals 
with the Deli^: 

2 n the y$Qx of a.i>. ^o,tw,cw,ooo-r, a food of weUers will be 
upon the earth. And both uncivilized man, whose actions do not 
lend Ikmsslves la survioai wiih the others, and beast, togelher xviih 
the creeping things and the fowls of the air, will be destroyed. 

Long before this dajf arriveSy mankind will make himself an ark 
of thin sheet steel. The ark will be in the nature of a ^tem of 
space sJdps. Compartments will be made in the ark, and its seams 
will be coated with solder. 

And this is the fashion fa tuhich man will make it: ike ark will 
resemble a compact sphere, for tfds form is most statable for jhgkt 
b^nd the atmosphere. And the sphere will be driven by the same 
energy tohieh actioates the stars, xt)ldch is sulnilomic. 

A porthole will be made in the ark, arul a space hateki and there 
will be lower, second and third decks. 

The mon, even the moon zvhich at present u ornamental and 
useful, will bring tins food of waters upon the earth. It will do this 
by ^preaching the earth and causing great tides. 
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But Ttum xvill cmt into the ark, end twa ofmiy sort o/desiraHs 
animals will be brought into the ark, to keep them aliu with him; 
th^ wiU be male and female. 

Of the vegetable kingdom, eoery desirable plant will be repre¬ 
sented w the ark and wiU be transported, with the whole population 
of the earth, and with the beasts and the fowls and the things that 
creep, to another world. 

For regardless of what other animals and plants are to be found 
on the planets, man will want to preserve those which are benejicial 
on earth. 

When the moon approaches the earth, the tides of the moon will 
rise to enormous heights and at intervals of a few hours will sweep 
over the svfaoe of the earth, engulfs^ most of the land surface m 
their progress. And ike ark will be lifted up above the earth by the 
energy deep tmihin the atoms. 

And all the Mgk hills that are under the whole heaven will he 
covered. And all the flesh that moves upon the earth will perish. 

But those who are in da ark will remain alive. The keel of the 
ark will cut silently the waters of the sidereal sea, and after ike end 
of mat^ ddw, it will rest upon the shore of a new world. 

Then man unit open the porthole of ike ark which he had made. 
But he ivill not send forth a dove or a raven, to test the habitability 
of the planet. For the new earth will be a known and explored world. 

Man toill go forth from the ark, bringing forth every living thing 
that is with him. And the animals will breed abundantty and be 
foui^l and multiply upon she new world. 

And man will build an altar to the Lord, and he will bless the 
Lord. 

This is the way in which the prophecy will be fulfilled. 

Most people lahe it for granted that the lei^th of the day 
—the period of lirac against which our clocks are regulated 
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—is comcant. It has been discovered, however, that the day 
is lengthening slowly—at present, at the rate of one second 
in about 120,000 years. The change is produced by the 
friction cf the rides, which act as a brake upon the earth's 
rotation. Since the earth lurm on its axis eastwardly, the 
tides move round the earth westwardly- For the same 
reason the sun and moon appear to rise in the east and set 
in the west. 

Thus a high tide under the moon (which is the m^n 
cause of the tides) on the east side of the Atlantic Ocean 
travels westward across the ocean, until it meets the 
continents of North and South America and the land masses 
of the West Indies. At this time, since the earth rotates in 
the opposite direction to that of the modon of the great 
mass of water composing the tidal bulge, it tends to check 
the rotation of the earth. It appears that today more than 
two*thiids of this braking acdon, or tidal inedon, occurs in 
Bering Sea, west of Alaska, There the water is shallow and 
the ddal currents are stroi^. 

A secondary result of the tidal friction is that the moon 
is movii^ away from the earth slowly—at present, at the 
rate of 5 feet per century. The earth and moon make a 
united system, and it has been shown that the total angular 
momentum (the rotational and revolutionary energy) 
within a system cannot be changed. Ai^ular momentum 
can be transferred from one body to another in a system, 
but it cannot be des&oyed. 

This is what is happenii^ in the earth-moon system: the 
angular momentum of the earth's rotation is being trans- 
fened into the moon's angular momenmm of revolution, 
with the result that the moon’s orbit is becomii^ larger. 
Consequently, the moon is gradually receding from the 
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earth, and the ler^ih of the month (the nine of the revolu¬ 
tion of the moon around the earth) is slowly increasing. 

These chaises due to tidal friedon have been goii^ on for 
thousands of millions of years. Atcackir^ the problem in the 
reverse sense, the amazing conclusion is reached that the 
length of the day was or^inally 4*8 houit. At that time, 
the moon’s distance from the earth was 9,000 miles; and it 
revolved round the earth in a period of 4*8 hours, so that the 
month was equal to the day. Now, the day has lengthened 
to 24 hours, the month to about four weeks (87J days); and 
the moon has receded to 238,840 miles. 

It is believed that the rate at which the day is lengthening 
was more rapid in the past than at present and that the 
moon fled swiftly away from the earth in the early stages. 
For when the moon was nearer the earth, the tidal effect 
produced by the moon must have been very much greater. 
Dr. Ralph Baldwin, in Tht Face qf the Idoon^ estimates that 
the moon reached half its present distance in about 10 
per cent, of geologic time. Since the Cambrian period, 
which began the last quarter of geologic time about 
500,000,000 years ago, the moon, according to Baldwin, has 
withdrawn only about 18,000 mUcs; the month has in¬ 
creased by only 3 3 days, and the day has lengthened by 
about one hour. Almost all the startling changes took place 
in the first quarter of geologic time, when there were no 
astronomers to observe them. 

Sir George H. Darwin, the son of Charles Darwin, the 
naturalist, first called attention to the fact and effect of 
tidal friction; and it was he who proposed the idea that the 
moon once formed part of the earth. According to his 
theory, the earth’s rapid rotation and the disturbances 
from solar tides resulted in monstrous tidal bulges, one of 
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which broke off to form the moon. However, Harold 
Jeffreys, the English astronomer, found that the tidal and 
rotational forces were never sufficient to have detached the 
moon from the still-liquid earth; and it is probable that, 
although they were born nearly in contact and at the same 
time, the moon and earth have always been separate. 

In the future, tidal friction will continue to slow up the 
earth’s rotation and to cause the moon to move away from 
the earth, until the month is equal to the day. It is found 
that this condition will arise in the year a.d. 50,000,000,000, 
at which time the day and the month will be equal to 47 
of our present days and the moon will he about 540,000 
miles away. Assuming that the sun is still shinit^, there will 
be lor^, scorching days and long, frigid n^hts. The day, 
such as we know it, will no longer exist, and our present 
clocks will for a lot^ time have tolled only a fantasmal hour. 
The moon will appear sm^dler and fainter in the sky, and it 
will no longer be able to cover the disk of the sun at the time 
of an eclipse. Consequently, total solar eclipses will be a 
thing of the past; solar eclipses will all be ^‘annular,’ ’ with a 
ring of the sun’s surface visible around the dark moon. 

Another interesting situation will arise. When the month 
and day aire equal, the earth will keep the same side towards 
the moon, and inhabitants on that side will always have the 
moon in their sky. Inhabitants c£ the earth’s other hemi¬ 
sphere will have to make a journey round the world in 
order to see the moon. An approximation of condition 
can be found in the solar system today. The revolutionary 
period of Deimos is nearly equal to the rotational period of 
Mars, and the satellite’s movement in the sky keeps almost 
equal pace with the daily motion of the Martian observer. 

At this time, there will be a high tide on the earth under 
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the moon as well as one on the opposite side of the earth. 
But these will not chan^ position, with the result that there 
will be no more tidal frictioo produced by the moon, which 
will stop receding. 

The solar tides, however, which also retard the earth’s 
turning, will continue to operate, providing that the liquid 
oceans still exist. The earth’s rotational period will then be 
longer than the moon’s revolutionary period, and the 
moon will rise in the west, travel across the sky in a few of 
our present months and set in the east. Phobos, the inner 
satellite of Mars, behaves In a similar manner at the present 
time. Its revolutionary period is so short that it circles 
Mars three times while the planet is spinning once on its 
axis. 

When the earth’s rotation is slower than the moon’s 
revolution, the hiction of the lunar tides will ^ain become 
effective, but its effects will then be reversed. The earth’s 
rotation will now be accelerated, and the moon will be 
brought closer. This process will continue until the moon 
comes within a distance of oim planet so short that It will 
be shattered by the gravitational strains imposed on it by 
the earth’s attracdon. 

This conclusion is based upon a theory of Edouard Koche, 
a French maihemadcian, who, in 1S5O, calculated that if a 
satellite were nearer to its planet than a certain limit it 
would be disrupted by tidal forces. For a satellite having 
the same density as the planet, the limit is 2*44 times the 
planet’s radius. Since the earth is denser than the moon, the 
limit is 2 86 radii, or about 11,000 miles. 

It is interestiog that the outermost part of Saturn’s ring 
system is wi thin Roche’s limit. This suggests that Saturn’s 
rings are a preview of the moon in thousands of millions of 
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years to come—that the myriads of separate particles com- 
posii^ the riag system are the debris of a former satellite that 
moved in an orbit too close to the planet. Seeing Saturn in a 
telescope is a truly wonderful experience. One has such 
respect for the planet, with its incomparable endrcliog 
rings. There is a marked difference in the appearance of 
Saturn’s rings from time to time, however. Twice during the 
planet's revolutionary period of thirty years the rir^ are at 
such an angle as to present a side view of considerable 
width; and twice the rii^ give an edgewise view to the 
earth, at which times they are invisible. Similarly, when the 
sails of a boat are glimpsed edgewise out at sea, they appear 
as only a thin line or are invisible. But when the ship charges 
its course and presents a broadside view of the sails, they are 
seen in their greatest visibility. 

\Mth respect to Roche’s limit, it is interesting to note that 
Phobos is just outside the darker zone. Assuming that 
Pbobos has the same density as Mars, it can be calculated 
that Phobos would be torn to pieces if ft came within a 
distance of 5,207 miles. The present distance of the satellite 
is 5,830 miles. If adequate tidal friction is still operative on 
Mars, which is unlikely because of the present absence of 
seas, and if Phobos is approaching and not recedir^ from 
the planet, it would seem that a great celestial catastrophe 
is imminent. 

It will take our moon about 50,000,000,000 years to 
reach its maximum distance from the earth. How long it 
will take to return has not been ascertained. But when the 
moon docs return, the thread of life will be broken, though 
the fishes in the great seas will survive; and perhaps evolu¬ 
tion, proceeding through them (as it did once before), 
will give rise to higher life forms. As the moon approaches 
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Roche's limit, the human race, if it has contrived to live so 
&r, will see it violently distorted in the sky. If the astro¬ 
nomer Jeffreys is correct, at a ^sunce of 20,000 miles, the 
solid substance of the moon will give way, and the moon will 
acquire an eloi^ated form. The metamorphosis will con¬ 
tinue until the largest diameter of the moon is about twice 
the shortest, at which time the moon will definitely break 
up, becoming two or more separate satellites, then about a 
thousand pieces. Coming into collision when they get 
close to the earth, these fragments will break up farther; 
and myriads of separate particles, forming a ring such as we 
see encompassing Saturn, will merrily dance a funeral dirge 
around the lifeless world. Thus, the moon, dead and trans¬ 
figured, will form an arch of I^ht and bridge of moons 
across the nocturnal sky. The moon is ornamental now— 
a round shield of pure silver. But its destruction will trans¬ 
form it into something glorious: it will be one of the finest 
spectacles in the solar system. 

But ihsr$ ujUI bi no men on the eortk to enj^ it. The earth will 
not remain umcathedduring the catastrophic pre^ess of the 
moon. The same unleashed forces that destroyed the moon 
will disrupt the earth; and as these forces begin to be felt, 
man will build himself an ark and transport the whole popu¬ 
lation of the earth to another world- The earth will be 
deserted, except by the beasts of the field and perhaps some 
men hidii^ out in remote regions. 

As the moon moves in closer, constantly accelerating in 
speed, always growing larger and brighter, the earth will 
experience a series of violent earthquakes. All creatures 
living or burrowing in the ground, such as mice, rats, moles 
and snakes (or else the different forms into which they have 
evolved), will hasten forth from their underground dwell- 
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iflgs, though many will be gripped and suffocated by the 
suddenly moved soil before they can escape. The silent 
crocodile will rush out of the water and run bellowing into 
the woods. Hogs will be uneasy; horses will tremble; oxen 
will huddle together; fowls wiU run about with discordant 
cries. Volc^oes will open to extrude the material from the 
interior of the earth, while the vibrations of the earth’s crust 
will level mountains to ocean floors and raise continents that 
will be nameless for the want of those who name things. All 
this will be the beginning of the end. 

When the lunar fragments collide, some of them will fall 
upon the earth as giant meteors, possibly as large as little 
planets. Thus a portion of the moon will be crushed up into 
falling stars, which will appear to be as numerous as the 
drops of rain in a tropical shower. Long before the moon 
comes within Roche’s limit, however—if the oceans still 
exist—the lunar tides will rise to gigantic he^hts and, at 
intervals of a few hours, will rush over the earth’s surface, 
drowning the already mined cities under miles of dark blue 
water. Perhaps the only areas safe from the devastating 
tides will be the mountain peaks. 

Thus the moon may bring back the universal deluge. 
But the oceans may freeze before the moon reaches the 
danger zone, in which case the tidal friction will almost 
cease and the process will stop. According to modern 
theories of stellar evolution, the sun will die in about 
A.D. ro,000,000,000, so that the death of the sun and the 
freezing of the oceans may intervene and lock the moon in 
its orbit. This would be in accord with the promise made in 
Genesis, where it is written, “And I will establish my 
covenant with you; neither shall all flesh be cut off any 
more by the waters of a flood; neither shall there any more 
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be a flood to datroy the earth.” However, the ideas of 
suence are chaining continually. And it may be that just 
when the sun is supposed to stop “burning,” a new theory 
will be invented, and the sun will continue to shine. Mean¬ 
while, in the shallow seas, the tidal Medon grinds slowly and 
inexorably to malce the moon feiil upon the earth in a far-off 
time, 


Beyond the orbit of Mars, in a great circular belt over 
340,000,000 wide, another danger lurks: the asteroids, 
or minor planets, some of which might come into collision 
with the earth at almost any time. While the menace from 
the moon might become a reality and result in the complete 
annihiladon of terrestrial life, the eflect of an asteroid 
cohiuon would be local only. 

One of the world authorides on the asteroids, Professor 
Leuschner of the University of California, esdmates that 
there are about 50,000 of these little planets movii^ silendy 
beyond the earth, and that about 5,000 of them have been 
observed at one dme or another. Of these, there are about 
1,600 whose orbits are so well known that they can be 
found ag^. The rest have been lost. 

Asteroids are of excepdonally small size, as far as 
teneatrial standards are concerned. The largest four are 
Ceres, 480 miles in diameter, Pallas, 304 miles, Vesta, 240 
miles, and Juno, 120 miles, while the smal^t ones visible 
axe less than a single mile across. Probably thousands of 
them yet unseen are no larger than big rocks. 

While most minor planets are confined between the 
orbits of Mars and Jupiter, an occasional one goes beyond 
the outermost boundary or within the innermost limit, 



sometunes coming in near-coUi^on with the earth, Amor, 
discovered in i932> came within 10,000,000 miles of the 
earth. Its path lies entirely outside that of our planet. In 
the same year, Apollo, whose orbit comes within that of 
Venus, was within 6,500,000 miles of the earth. The next 
record for a close approach was set by Adonis in 1936, 
when the planet came within 1,500,000 miles of ours. But 
the record is held at present by Hermes, which, in i937> 
came within 485,000 miles of the earth-^ about twice 
our distance from the mooni 
Because of the tiny size of the asteroids, it would appear 
that one which comes within the earth^s distance from the 
sun stands a very much smaller chance of hitting the earth 
than the nucleus of a comet. Moreover, since most of the 
asteroids are confined between the orbits of Mars and 
Jupiter, and since only a few have paths that are at times 
inside the orbit of the earth, the chances of an asteroid 
encounter are practically non-existent. 

But if an asteroid did strike the earth, the results would 
depend upon the size, the velocity, and the point of landing 
of the celestial missile. The diameter of Hermes 25 believed 
to be about one mile, while its mass is estimated at 
3,000,000,000 tons. When It was nearest to the earth in 
1937, its speed was several miles a second. If Hermes had 
landed at the site of a large city, the damage would have 
been frightful The planet would have sunk into the suiface 
a distance of many feet. Kinetic energy of the object, due 
to its terrifrc velocity and mass, would have been so large 
that Hermes would very likely have become vaporized 
from the heat generated by impact. If the planet had bit 
Manhattan Island, in addition to the direct destruction, the 
heat developed by the passage of the mountain mass 
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tbrougb the air would have igniced all huildings for miles 
around. On the other hand, if the planet had landed in the 
Atlantic Ocean, an immense “tidal wave” would have been 
set up, overrunning the low-iyii« land within reach and 
dashing to pieces and carrying off everything in its path. 
Probably, therefore, the best place we could hope for an 
asteroid to land on the earth would be an uninhabited 
repon of dry land. Earthquake waves would be produced; 
and by seismograph records, the point of landing of the 
planet would be revealed. Some astronomers believe that 
Meteor Crater in Arizona might have been made by 
coUirion with a small asteroid. 


A huge globe <£ incandescent gases is hurtling through 
space at nearly 50,000 miles an hour. In its course, this star 
has moved unhindered for 2,000,000,000 years. But on this 
feteful day, a terrible accident is to occur. 

Out in the distance ahead boms the sun, which appears 
to swell out gigantically. The invading star’s couise is such 
that there will be a head-on collision. Coming more and 
more under the gravitadonal influence of each other, the 
two stars move towards the same spot with ever increasing 
rapidity-^and finally collide. 

Thus there is sdll another kind of collision that might 
^;,ccur—a stellar encounter. If our sun were to be hit by a 
passing star, as in the imaginary incident above, the results 
would undoubtedly be fetal. The energy of impact would 
generate enough heat to transform all life into a sprinkling 
of ashes, and finally the dark solid planets into a gbwing 
gas. It may be that the stellar explosions called naaotf, or 
luw stars, axe such collisions. 
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In Tht Milky Wcy^ Bok has calculated the chances of the 
sun being struck by a passing star. He figures that a sicr 
^ the size ^ our svn will collide with a simlar star otUy once in 
soOyCCO,000,000,000^000years. The rarity of the phenomenon 
is illustrated by noting that in the hClky Way, estimated by 
Bok to contain 200,000,000,000 stars, a collision between 
any two stars will happen once in 1,000,000 years. If the 
age of our galaxy is taken at its lower limit, or 2,000,000,000 
years, it follows that not more than 2,000 collisions have 
occurred. 

In the future, if a star were to approach the solar system, 
there would be ample warning before any physical effects 
were felt. Astronomers would detect a very gradual increase 
in the brightness of the incoming star, But it probably would 
take at least hundreds of years before a Him star became 
as bright as Sirius, Vega or Canopus. Bach succeedii^ 
generation would observe the visitor with greater interest 
—which finally would surpass the hrightcat stars in 
magnitude. 

If a collision occurred in the age of space travel, it might be 
possible to escape to a planet circling another star. It m^ht 
be possible, for example, through skilled use of atomic 
energy, to propel the earth on an interstellar voyage. The 
material of our planet itself would have to be used up for 
the initial operation of pushing the earth beyond the range 
of solar gravitation, for subsequent steering, and to provide 
terrestrials with heat, light, and food during the great 
voyage, The shortest of such voyages would require 
hundreds of thousands of yean; but if the trip was con¬ 
sidered necessary, it might perhaps be undertaken. (By a 
s i milar method of locomotion, it might be possible to 
dispose of the moon before it came dangerously close to the 
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earth, or to travel to a new planetary system with the death 
of the lun.) 

XT a star passed within the distance of Neptune Srom 
the sun, the effect probably would be very slight. As 
seen from the earth, a star on the order of the sun 
would shine with a light about 40,000,000 stars of the 
fiist magnitude. If Pluto and Neptune were near enough 
at the tune, they might be drawn into the system of the 
alien object and be carried off by thrir new luminary. 
After the visit, the sun and its remaining planets woidd 
move in a direction deviatii^ somewhat from its original 
path. 

If a star came within a few million miles of the sun or 
made a grazing collision, the effects would be different 
again. There would be tidal upheavals in the stellar ofc^'ects, 
and the crests of the waves might break OS' to form new 
worlds. Indeed, according to the Planctesimal Hypothesis, 
the solar-system planets were formed in this manner. 
Another possibility is that some of the planets might be 
captured. Imagine what it would be like to hve on a "kid¬ 
napped” planet! Not only would there be a new sun, but the 
length of the year and the intensity of the seasons, together 
with other familiar occurrences, probably would be 
modified. If no harm came to the earth, or its inhabitants, 
one might take delight in these variations. Certainly 
astronomers would find them interesting. There is still 
another possibility. If the sun and the visiong star became 
inextricably interlaced, they would revolve around a 
common centre of gravity, like the earth and moon. In 
such a double-star system, there would be a drastic reorgan¬ 
ization of the planets. In which those closer to the new star 
would revolve around it. As seen from the earth, both, suns 
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would be united in the sky at times; at others one alone 
would light up the countiy for a few hours, following which 
the other one would also rise and illuminate the landscape. 
So that actually there would be very little real night 
at all! 
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THE EXPLOSION OF THE SUN 

. THE DAY OP THE Lord will come as a thief ia 
the nightj in the which the heavens shall pass away with a 
great noise, and the elements shall melt with fervent heat, 
the earth also and the works that are therein shall be 
burned up.” 

Thus St. Peter writes in the Second Epistle, and it is a 
notable fact that all religions have prophesied a flaming end 
to the kingdom of man. The the sacred writings 

of the ancient Persian religion, and the Koran, the 
Mohammedan sacred scripture, both present this vision. 
It has already been shown how a stellar encounter could 
reduce all life to ashes. According to still another astro¬ 
nomical theory, the prophecy of the destnictioa of the earth 
by fire may be fulfilled. 

The sun, a typical star, may some day explode, emitting 
for a time several hundreds of thousands, or even several 
tliousand millions of times, its former heat and light. In half 
an hour the sunward side of the earth would be burned to a 
crisp. The night hemisphere, even before the rotation of the 
earth exposed it to the sun, would be devastated by clouds of 
Uve steam from boiled-away oceans {‘*And when the seas 
shall boil,** reads the Koran with regard to the day of doom). 
Within a few days the earth would be enveloped and 
vaporized by enormous clouds of metallic vapours qected 
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from the sun. The only remainij^ trace of the earth would 
be a little condeosadou in a rapidly expand::^ shell of gas. 

Such conflagrations in the heavens have been witnessed a 
number of times in the course of recorded history. Men 
looldng out from the earth have seen, in the remote depths 
of space, tremendous outbursts of light. These apparitions 
are called nowu, or fuw stars. The early astronomers called 
them new stars because they thought they really were 
creations in the cosmos. Without telescopes they could not 
tell that these were dim and distant stars tmdetgoing a 
remarkable chai^. 

In 134 B.c. the first new star on record appeared. It 
was seen in the constellation of Scorpius, the Scorpion, 
and is said to have suggested to Hipparchus, the Greek 
astronomer, the preparation, of the first star catalogue. 
Hipparchus’ Star must have been a truly remarkable 
ot^ect, for it was visible in full daylight. 

Old Chinese chronicles show that a b^ht '^guest” star 
or nova was observed on July 4, 1054, at a posidon in the 
sky corresponding with that of the Grab Nebula, a slowly 
expanding luminous cloud of gas. It is believed that the 
Crab Nebula is the remnant of the new star of 1054. 

The most celebrated appearance of a nova was that of 
1572- It is known as “Tycho’s Star” because the celebrated 
Danish astronomer (whose remains, with his gold and silver 
artificial nose—made necessary by a duel—were disinterred 
and reburied in 1901) was most assiduous and successful in 
his studies of it. 

“When I left Germany to return to the Danish shores,” 
says Tycho, “1 stayed at the ancient and admirably situated 
residence of Henitxwaldt, belonging to my uncle, Stenon 
Bille, and I was in the habit of remaining in my chemical 
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laboratoty until nightfall. One evening, when I was con- 
templaong, as usual, the celestial vault, whose aspect was so 
fasniliar to me, I saw, with inexpressible astonishment, 
near the zenith, in Cassiopeia, a radiant star of extra¬ 
ordinary magnitude. Struck with surprise, I could hardly 
beheve my eyes. To convince myself that it was not an 
illusion, and to obt^un the testimony of other persons, I 
called out the workmen employed in my laboratory and 
asked them, as well as all passers-by, if they could see, 
as 1 did, the star, which had appeared all at once. I learned 
later on that in Germany carriers and other people had 
anticipated the astronomers in regard to a great apparition 
in the sky, which gave occasion to renew the usual railleries 
against men of science (as with comets whose coming had 
not been predicted). 

"The new star was destitute of a no nebulosity 
surrounded it; it resembled in every way other stars of the 
rsi magnitude- Its brightness exceeded that of Sirius, of 
Lyra, and of Jupiter. It could only be compared with that of 
Venus when it is at its nearest possible to the eajth. Persons 
gifted with good sight could disdnguish this star in daylight, 
even at noonday, when the sky was clear. At night, with a 
cloudy aky, when other stars were veiled, the new star 
often remained visible through tolerably thick clouds. The 
distances of this star from the other stars of Cassiopeia, 
which 1 measured the following year with the greatest care, 
has convinced me of its complete immobility. From the 
month of December, 1572, Its brightness began to diminish; 
it was then equal to Jupiter. In January, 1573, it became 
less brilliant than Jupiter; in February and March, equal 
to stars of the 1st order; in April and May, of the br^htnesa 
of stars of the 2nd order. The passage from the 5th to the 
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6th magnitude tooi place between December, 1573, and 
February, 1574. The followii^ month the new jtar dis¬ 
appeared without leaving a trace visible to the naked eye, 
having shone for seventeen months.” 

Tycho’s Star appeared on November ix, 1572, a few 
months after the Massacre of St, Bartholomew. General 
uneasiness, popular superstition, and the dread of the end 
of the world (long since announced), were an cxcdlent 
mist en scifu for such an apparition. Astrologers soon pro¬ 
claimed that it was the Star of Bethlehem, whose re¬ 
appearance foretold the return of Christ, the Last Judg¬ 
ment and the Resurrection. But the star went out without 
having produced any other disaster than that which human 
folly itself creates. 

Just as the appearance of a new star had led Hipparchus 
to prepare his famous star catalogue, so the appearance of 
the star in Cassiopeia revived Tycho’s interest in observa¬ 
tional astronomy and led him to carry out his great 
programme of exact observation, which was subsequently 
to supply the foundations for mathematical astronomy. 

In 1604, a new star made its appearance in the constella¬ 
tion of Ophiuchus, the Serpent Bearer. It is often called 
’‘Kepler’s Star” because of the attention paid it by the great 
German astronomer who gave us the laws of planetary 
motion. Kepler tells us that it did not have the appearance 
of a comet; moreover, that it kept its place unchanged, 
showing without a doubt that it belonged to the star depths, 
not to nearer regions. At Tnavimiim Kepler’s Star rivalled 
Jupiter in brightness. In fact, it seemed very closely to have 
resembled Tycho’s Star, not only in appearance and in the 
degree of its brightness, but also in the duration of its 
visibility, which was eighteen months. 
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At the beginning of the twentieth century, a celestial 
spectacle, such as had not been seen since the time of Tycho 
and Kepler, surprised the world. On February 22, 1901, an 
amateur astronomer, the Rev. Dr. Anderson of Edinburgh, 
Scotland, observed a strai^e object in the constellation of 
Perseus, the Prince. He recognized its true nature at once 
and immediately telegraphed the news, which awoke the 
startled attention of astronomers all over the world. 
When fan seen, the star was less than the 2nd magnitude; 
but within twenty-four hours it was ablaze, surpassing stars 
of the ist magnitude. 

On the n^ht before its coming, nothing was visible at the 
spot in the sky where the new star appeared. On February 
21 a photograph had been made of that very region, and 
this photograph revealed everythii^ down to the J2th 
magnitude. To one who knew the stars, the appearance 
of the intruder in a well-known constellation had the effect 
of a sudden invasion. Capella, one of the br^htest stars 
and the unchallenged niler of that part of the sky, was 
abased by the lustre of rhk object of alien aspect, whose 
arrival seemed to portend the beginning of war in heaven. 

Unlike the historical novae. Nova Persei remained at its 
brightest for only several days. After a few months the 
naked eye could no loz^er perceive it, although it was 
picked up with the telescope. When the star had fallen 
to 9th magnitude, another extraordinary change occurred: 
a nebulous cloud appeared around the stellar nucleus and 
spread wider and wider, like a wave expanding around a 
centre of disturbance. At length the cloud disappeared, 
leavii^ only a faint nebulous star behind. The catastrophe 
was over. 

Astronomers have divided these stellar explosions into 
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two cla5sc5} novae and supernovae. Novae blast into an 
intenacy several hundreds of thousands of times the normal 
luminosity of the sun, while supernovae may attain a 
maximum brightness of ten to a hundred rruHion suns. The 
“guest’* star of 1054, Tycho’s Star, and Kepler’s Star 
probably ^1 into the class of the supernovae. If, as has been 
suggested, the Star of Bethlehem represented one of these 
cosmic catastrophe, &om the information about it, one 
may deduce that it also was a super-explosion. 

Kepler’s Star was apparently the last supernova within 
the Milky Way. But there is reason to believe that the 
uniformity of the heavens will soon be interrupted by 
another great phenomenon. From historical data, modem 
astronomers estimate that the average frequency of appear¬ 
ance of supernovae in the Milky Way is about once in every 
300 years. Almost three and a half centuries have elapsed 
since the last apparition. 

The physical processes that cause a faint telescopic star, 
after shining with a steady light for a thousand iniilion years, 
to flash out within a few days as bright as Jupiter or Venus, 
must be extraordinary. It must be confessed, however, 
that the cause df the sudden release of such a vast store of 
energy is mysterious. The conditions that might possibly 
be responsible for these catastrophic events can only be 
speculated upon. 

r.ikft the pictures in a kalddoscope, the ideas in science 
are continually changing. A sdentiflc theory is merely a 
picture living in the compartments of the mind, a picture 
which must be discarded when it no longer fits the observed 
facts. By discarding old ideas which no longer conform with 
observation and cxperunentatioo, and inventii^ new ones, 
the scientist is brought ever closer to the truth. 
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No wonder the old and new theories of new stars are so 
numerous and so different from each other. One of the 
early theories accounted for these objecc by supposk^ 
them to be endowed with very rapid movements. Arago, 
however, showed that to pass from the ist to the snd 
m^nitude by a ^p!c change of distance, a star, travelling 
with the speed of light, would require about six years. This 
assumed speed is thotisands of times greater than the 
velocity of the stars; moreover, it is much too slow to explain 
the phenomenon of the nova. Tycho’s Star, for example, 
underwent the change m magnitude in a month. 

Another theory explained the variations in brightness by 
movements of rotation. According to this idea, the various 
faces of the star were supposed to be of a prodigiously 
unequal brightness. 

Still another theory attributed these appearances and dis¬ 
appearances to the movement of dark nebulous masses 
between the star and the solar system. When the cosmical 
clouds had entirely passed, the eclipse was supposed to 
end. 

These are the theories of yesterday now discarded. 
Another old theory, that of a grazing collision or near 
approach of two stars, is still entertained today. Here the 
energy of motion of the colliding bodies is transformed into 
heat and light. The theory expkins the ohserved sequence 
of phenomena and affords a sufficient supply of energy. 
However, because of the extremely sparse population of 
stars in space, the chances of collision are negl^bly small. 
According to one calculation, in the past 2,000,000,000 
years, not more than two or three such collisions could have 
occurred in the Milky Way. Even of Bart J. Bok’s calcula¬ 
tion (that over 2,000 star collisions have occurred) is 
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accepted as bdng more nearly correct, this theory cannot 
account for the number of observed novae. 

It would appear chat the existence of dead stars in t he 
universe would greatly raise the chances of collision. There 
are astronomers who believe that there are multitudes of 
these daric, cold globes, in addition to the shining myriads 
which dot the heavens. The violent precipitation of one of 
these bodies upon the surface of a blazing scar would be 
fabulous indeed: like the legendary phoenix, the dead star 
would rise from the “flames” reborn, its mass exploding into 
gases. Perhaps even these gases would one day be used in 
the formation of a new star. 

Some astronomers regard novae as due to the rush of a 
star into some resisting medium. Qouds of dust gas, 
called galactic nebulae, are known to spread th^ gauzy 
nets throughout all creation. Some of these clouds,- the 
dark nebulae, are of inky blackness and cut off our view of 
the more distant stars in the Milky Way. Others shine by 
the light of neighbouring stars and appear as giant luminous 
nebulosities. The nebulae are of huge dimensions and take 
on various chance forms and shapes, dependis^ upon the 
whims of Nature. Thus the beautiful Filamentary Nebula 
in the constellation of Cygnus, the Swan, extends across 
space for a distance cf about 40,000,000 times the distance 
between the earth and the sun. 

If a star should plunge into a field of nebulous material, 
it would bum into high luminosity, just as a meteor is 
illuminated by entering the earth’s atmosphere. Thh 
hypothesis meets with several difBculties, however. While 
it can account for enough energy to create ordinary novae, 
it foils to provide the enormous energy liberatzon in super¬ 
novae. Moreover, because nebulae vary so much in their 
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densities and geometrical dimensions, it is difficult to see 
how they could es^lain the icmarlcable similarity of all 
observed nova explosions. 

One of the most acceptable, though still unaccountable, 
theories of novae is explosion within a star, owing to a 
sudden release of sub-atomic energy. The sun and stars 
shine by a gradual release of the stored energy of atoms. 
Release of this energy on the earth has been accomplished 
on a relatively small scale: the atomic bomb, which hung 
momentarily over Hiroshima, was in the nature of a pygmy 
sun, shining grotesquely by nuclear fission. It has been 
suggested that some special thermonuclear reaction comes 
into play when the central temperature of the evolving star 
reaches a certain critical value, releasing heat with ex- 
plo^ve violence. 

This theory implies that the conditions which operate 
to release the energy of a star with such great regularity 
may at times lose this control, only regaining it after a 
cataclysmic readjustment. It also implies chat it is a natural 
stage, instead of a chance happaung, throi^h which evay 
star must pass- Certainly the successive shells of surface 
material which seemed to he blown off new stars suggest 
that some kind of an exploMon has occurred. 

The ckanees of the sun*s becoming a nova once during iis Ufe 
period are quite high. At least twenty stars of the Milky Way 
ctplode each year. Geoigc Gamow, a profesaor of physics 
at George Washington University, estimating the ^e of 
our universe at about 2,000,000,000 years, concludes that 
some 40,000,000,000 stars have already exploded, unless 
more stars rhan ustiid are exploding at the present time. 
Since the Milky Way contains about 40,000,000,000 scars, 
it would seem that practically every star must explode at 
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least once during its evolutionary history. The chance of the 
sun’s becoming a nova within the next few ycare, however, is 
only about one is several thousand millions, according to 
Gamow’s reasoning. Moreover, it is likely that each star can 
explode just once during its lifetime, and it is possible that 
the sun underwent this metamorphosis in the distant past. 

Assuming, with many modem astronomers, that most of 
the stars are surrounded by planets, it seems obvious that 
novae have abready caused the end of myriads of worlds. 
The destruction wrought by the fall of the first atomic bomb 
over a populated area fills every man with horror. But this 
cjgjlosion would be like that of a tiny firecracker in com¬ 
parison to the sun becon^ a nova. It seems unlikely that 
cur sun will become a supernova. Such an explosion is 
very rare and seems to take place only in the case of stars 
larger and heavier than the sun. If the sun explodes, there¬ 
fore, our end will probably be announced throughout the 
univeree by a nova of the ordinary kind. 

Od the fatal day, when the trumpet of the world’s dis* 
sedudon U sounded, the lives of the two thousand million 
inhabitants of the earth, and of the possible iohabltants of 
the other planets in the solar system as well, will be reaped. 

The loss of one life or ten is easily grasped, so is the des¬ 
truction of the life of a large dty. But the death of the in¬ 
habitants of the whole world, not to mention that of the 
possible life on other planets, is vast beyond all human 
comprehension. However, an understanding of this concept 
is not necessary, as there will be no one left in the solar 
system to grasp it. 

Because l^Kt does not pass from one point to another 
instantaneously, but by degrees, and because it takes light 
about eight minutes to cross the 93,003,000 miles separariog 



the sun from the world, the explosion will not be felt until 
about eight mmutes after it has occurred. ‘The heavens 
shall pass away with a great noise/* but because of the 
absence of air (which is the medium of sound) between the 
sun and the earth, the noise of the catastrophe will not be 
transiTiilted to us. 

On the side of the earth turned to the heretofore cheerful 
sunshine, life, which has been evolving to higher forms for 
the past 1,000,000,000 years, will be cut down by the tall 
mower of death so swiftly that no one will have time to 
realize what has happened. ‘The day of the Lord will come 
as a thief in the night.” 

The sun seething with unconscionable fury overhead, 
hot air rising from the continents and oceans and cold air 
rushing in at hurricane strength to replace it, the sky filled 
with weird patterns of celestial fire and the booming voice 
of the thunder, the sea boiling and filling the atmosphere 
with hot showers, the projected picture of the day of wrath 
is fearful beyond words. 

The fate of the dwellers on the n^ht side of our planet 
will probably difrer from the rest of manldnd. Before they 
are turned, by the rotating earth, into riew of the destroy¬ 
ing sun, they will be stifled by hot air brought by gar¬ 
gantuan convection currents from the other side of the 
world and scalded by steam from boiled-away oceans. The 
sun will afterwards reduce their corpses to ashes. 

Several days after the beginning of the cataclysm, the 
shells of gas blown off the sun will engulf the earth in a 
frightful holocaust. The earth, together with the other 
planets of the solar system, will he transformed into a 
tenuous gas and poured back into the night of space, which 
generated all the worlds and once brought forth from its 
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womb the earth. “And the elements shall melt with foment 
heat, the earth also and the works that are therdn shall be 
burned up.” 

On some remote world, drcUng another star, astronomers 
will no doubt register the appearance of the nova in their 
annals of science. 
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THE DEATH OF THE SUN 


In the preceding chapter it was shown how the 
world might end in fire and how this is entirely in accord 
with the prophecy of St. Peter. Another theory is that the 
sun is hecoming hotter and hotter and threatens to bnrn up 
everything on the earth in several billion years, after which 
it will begin to die, growing colder and dimmer every 
moment until the earth U transformed into a veritable 
cemetery of ice. Modem science shows, then, that there are 
several ways by which the earth or its life might perish, The 
account of the last days of the world in the gospel according 
to St. Mark corresponds weU with the circumstances attend* 
the death of the sun. ‘ 3 ut in those days, after that 
tribulation,” reads the Scripture, “the sun shall be 
darkened, and the moon shall not give her light” 

The deacription of the sun as the heart of the solar system 
is an appropriate one, The sun is the central object of this 
system, a huge globe of incandescent gases that supplies 
essentially all of the energy to the planets. The importance 
of the sun is seldom appreciated by m^: the sun’s regularity 
precludes his taking very much notice of it It is only when 
an organ ceases to function properly that its existence forces 
itself upon us. This would be true also of the sun. 

Imagine, then, what the world would be like if the sun 
were suddenly to stop functioning. The earth would be 
plunged into the deepest n^ht, lit dimly by the stars. 







The moon and the planets, which shine by reflected sun¬ 
light, would be extinguished. Within a week, the tropics, 
havii^ g^verc up their oppressive heat, would be hemmed 
in by snow. Winds would stop blowing. Rivers would cease 
to flow. And (he great oceans would freeze to th^ very 
depths. 

With the aid cd coal, oil and wood, here and there matt 
might be able to postpone his frite for a short time. But he 
could not long endure the invading cold, and all living 
things would soon be wound up in an immense white 
shroud. In all probability, the inhabitants of the earth 
would be lefr as they were when the breath of life departed 
and the Death Ai^el, with his instruments of frost and snow, 
sdfrened and embalmed them for eternity. The natural 
y/orld would be seen at its most haunting, unlit except by 
stars,, the frozen dead observed with just enough light to 
make them solemnly and distinedy visible. Eventually, as 
the temperature sank to a few degrees above the absolute 
zero of interstellar space, the atmosphere would liquefy 
and freeze upon the lifeless world—a frightful demonstra¬ 
tion of the importance of the sun. 

Today it is recognized that there is hardly a phenomenon 
on the earth the origin of which cannot be traced back to 
the enctgy radiated by the central luminary. In partictilar, 
die sun is the source of practically all the energy on the 
earth. Wafer power is a converted form of solar heat. The 
sun evaporates the water from ocean and sea surfaces and 
deposits it on higher levels from which it runs back to its 
ordinal reservoirs. Wind power is produced by the sun, 
which unequally heats the earth’s surface, with a conse¬ 
quent motion of air. The energy in coal, oil, and wood 
originally came from the sun. Under the influence of light, 
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sugait and starcKes are produced &oxn carbon dioxide and 
water in green plants, whose protoplasm contains the 
remarkable green pigment, chlorophyll. This pigment 
enables the livii^ material to use sunlight as the source of 
energy for the synthesis of carbohydrates. When a tree is 
burned, the energy that growing leaves had reedved and 
stored up from the solar rays is released. 

Photosynthesis in chlorophyll-bearing plants is a highly 
important activity. 2 tis ths basis of iht food supply of the wheU 
living world. Almost without exception, these plants are the 
only forms capable of maldng thdr own energy-yielding 
foods. Hence, all other living things, which require organic 
nutrients, are dependent upon them. 

The glow from a piece of coal is fossil sunlight. Some 
200,000,000 or 300,000,000 years ago, when the sea lilies 
reached the peak of their development; when the only air- 
dwelling creatures were the insects; when great armies of 
giant dragonflies and cockroaches existed, and the progress 
of organic life had not advanced beyond the creation of 
some uncouth reptiles or strangely formed Ashes, the leaves 
of vast tropical forests imprisoned solar energy. In the great 
dismal woods of the Carboniferous Period, ferns, mosses 
and other plants accumulated in swampy soils which are 
not favourable to the bacteria causing decay. As ages passed, 
they were covered by accumulations of dust and rock, 
which pressed the decayed vegetation into solid layers. 
Water and compounds of sulphur, tucrogen and hydrogeu 
were forced out by the tremendous pressure of the weight 
above untU finally carbon, in the form of coal, remained. 

The accumulation of primeval vegetable and animal 
matter in bogs suffered a similar fete to form the oil deports 
in the subterranean world. 
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It iS} then, the sun which murmurs in the brook, which 
whispers in the wind, which moans in the wave, which 
blossoms in the rose, which whistles in the throat of the 
pj g hringale, which gleams in the lightnli^, which rolls in 
the thunder, which sii^ or wails in the great symphony 
of Nature. Without the sun*s rays, the surface of our globe 
would be dead and motionless. Since it is inconceivable 
that the sun should be a perpetual-motion machine, a 
catastrophe of cold seems to be inescapable—some day. 

At the present time, every square yard of the earth^s 
surfece receives an average of horse-power of energy. 
Gonsideiing the supply of sunshine as a public utility, at 
the rate of i} cents per kilowatt hour (which is the price of 
current where large amounts of power are consumed), 
the cost of sunshine for the city of New York would be 
$200,000,000 for one twelv^hour day. The cost of sunshine 
for a similar period for the entire earth would be more 
than $100,000,000,000,000. If the Federal Government were 
to have to pay for sunlight for the United States alone, in 
would call for an annual budget of $686,000,000,000,000. 

Of course, this gives an idea only of that part of the 
sun’s energy received by the earth. The sun is radiating 
energy in all directions into space, and the earth inter¬ 
cepts only x/2,000,000,000 of this energy. The total 
amount of energy reemved by the earth must be multiplied 
two thousand million times in order to arrive at the 
total ouqsut from the sun. The total output is found 
to be 343,000,000,000,000,000,000,000 kilowatts; and at 
the rate of cents per kilowatt hour, it would cost 
$200,000, ooq,ooo,ooo,000,000,000 to keep the sun lit in 
the solar system for one twelve-hour peiiod. 

AH speculations on the future of the physical univeise 
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depend upon the ajiswer to one question: what is the origin 
of the heat and light of the sun and stars? 

According to mythology, when Zeus withheld fire from 
man, Prometheus stole it from heaven and brought it to 
the earth ag^. The story is that Zeus prevented the hard¬ 
wood firesticks from being effective when rubbed against 
the soft ones. Prometheus, therefore, stole fire by holding a 
rod close to the sun. Enotigh fire was taken to make the 
pith of a stalk of giant fennel smoulder. 

That the sun burns like coal or wood is the oldest idea as 
to the origin of solar heat. Prometheus undoubtedly con¬ 
sidered that the “fire” of the sun was exactly the same as 
that which is made when two sticks are rubbed together. 
He would have been astonished to learn, however, that ifu 
sun is ieo hot to burn. The surface temperature is i i,ooo® F., 
while it is estimated that the interior temperature is 
40,000,000®- In combustion, cocygen combines with another 
substance, producing heat and light; but the solar tempera¬ 
tures are frir too high to allow ox^en to combine with any 
other element. Under too-bigh temperatures, complex 
chemical substances are broken down into elements; 
carbon dioxide is broken down into carbon and oxygen, 
for example, and it is believed that the gases fbnoiag the 
8im must consist of a mechanical mixture of pure elementary 
substances. 

Moreover, if the sun’s heat and light were produced by 
ordinary burning, and if the sun were composed of the 
purest coal, it could not have kept up its present rate of 
radiation for more than 1,500 years. Thus, if the sun had 
been set afire about the time that the Angles and Saxons 
invaded Britain, it would by now have completely burned 
to ashes. 


Recogmang the limitation of chemical heat, astronomers 
long looked for other explanations for the maintenance 
of the sun’s energy. Some suggested that an enormous 
amount of heat and light would be generated by a steady 
hail of meteors upon the sun’s surface. The amount of 
roeceors that could collide with the sun was calculated, 
however, and found to be inadequate as a source of fuel. 
Astronomers, therefore, concluded that the sun’s supply of 
energy must come from within itself. 

In 1854, Hermann von Helmholtz, the famous German 
physicist, presented his contraction hypothesis, which most 
astronomers accepted with or without reserve, up until and 
through the early years of the twentieth century. According 
to Helmholtz, the sun was originally a giant sphere of cool 
gas with a diameter which extended beyond the orbit of 
Neptune. Under the puli of its own gravity, the outer parts 
of the primitive sun fell toward the centre; and the effect 
of contraction was to produce heat, just as the compression 
of a gas by a moving piston in a cylinder causes a rise in the 
gas’s temperature. Calculations show, however, that by 
contracting from almost infinite dimensions to its present 
size, the sun could shine for no longer than 50,000,000 years. 
This is too short a period from the point of view of the 
geological time scale: the tropical forests of the Garbon> 
iftrous period were stoiii^ up solar energy 800,000,000 
or 300,000,000 years ^0. 

The only remaining theory to account for the energy* of 
the sun seemed to be that matter was being converted into 
energy. This idea is older than Albert Einstein or the atomic 
bomb. Sir Isaac Newton (1642-1727) once speculated upon 
the possibility of changing “bodies into light or light into 
bodies.** 


98 



In 1905, a youBg man named Altert Einstein, who was 
then only twenty-three years old, published a short paper 
in which he supplied the quantitative hey to the conversion 
of matter into energy. His formula, where jS is the 

energy in ergs, m the mass in grams and c the velocity of 
light (that is, 3 X cm. per second), is now famous. The 
equation has been put to a successful test with bodies whose 
energy content is variable to a high degree, for example, 
with radium salts. Here, indeed, is an abundant source of 
power. If half a thimbleful of water were completely 
transfonned into cne^, it would fiirnish the beat produced 
by burning 20,000 tons of coal. In order to keep the sun 
shining at its present rate, 4,200,000 tons of material would 
have to be converted into energy each second. The son is 
80 massive, however, that its mass would be thereby reduced 
by only a tenth of i per cent, in 15,000,000,000 years. 

It is believed that in the sun lighter elements are 
assembled into heavier components with the release of 
energy. The process is thought to be the conversion of 
hydrogen into helium, in which four atoms of hydrogen 
are packed together to form one atom of helium. Since the 
atomic weight of hydrogen is 1*00813 ^ helium 

4-00386, 0 -2866 units of the original mass would appear as 
caeigy. The reaction is produced by high temperatures 
and aided by the catalytic action of carbon and nitrogen. 

The comiiex nuclear reactions by which hydrogen might 
be transformed into helium within the sun arc known as the 
cerhon lycUy and were first worked out by Dr. Hans Bethe, 
a CJornell University physicist, (In 3 94 ^) carbon cycle 
was subjected successfully to a rigorovt theoretical test.) 
Dr. Bethe first learned about the importance of nuclear re¬ 
actions for the production of solar energy at the Washii^on 
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Gonference on Theoretical Physics of 1938. Returning 
home by train from the conference, he figured out the 
nuclear reactions before the dining-car steward announced 
the first for dinner. 

Although Prometheus did not know c£ the true nature 
of the “flame” he stole from heaven, today mere mortals 
have discovered the ancient riddle concerning the sources of 
solar radiation; moreover, they have released the energy by 
which the stars shine upon the earth. And the last dme that 
Prometheus descended from the sky, this great bcnefector, 
who tai^ht mankind all the useful arts, was solidified in a 
golden statue above the skadi^ rink in Radio Gty, New 
York. 

In the way of digression and of the wildest fantasy, the 
possible inhabitants who dwell in the lun might be im¬ 
agined. Life on the earth is based upon chemical action, 
and it might be that solarians are based upon the energy 
released by subatomic processes. Upon the sun*s seethli^ 
surface or deep within the solar interior, flamelike organisms 
might exist, perhaps even excelling man in intelligence. 
Terrestrials will probably never know if such incandescent 
beings have been created, for it appears quite impossible 
that man will ever visit the City of the Sun. To make such 
a journey would be to suffer the &tc of Icarus, who 
approached the sun too closely, so that the wax that fastened 
his wings melted and he drowned in the Aegean Sea. 

According to the physicist George Gamow, ifu constmpHon 
of the sm's f^rogm **fud" is making the sun grow hotter and 
hrighter, instead of colder and dimmer, eoeiy moment. Under solar 
conditions, helium is less transparent than hydre^cn; and 
as more and more of it is formed in the solar interic#, 
Gamow believes that the energy produced in the sun will 
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undergo greater difficulty in joiuneying towards the surface. 
The accumulation of enei^ in the sun's centre will lead to 
a corresponding rise in temperature, which will increase the 
rate of energy production, for the rate of thermonuclear 
transformations occurrii^ in the sun depends not only upon 
the amount of hydrogen present, but also upon the tem¬ 
perature causing the reaction. A decrease in the amount of 
“fueV* then, will cause an increase in the temperature, 
which will res\ilt in the last pieces giving much more heat 
and light than when the “furnace” was hill. 

Gamow’s calculations indicate that the solar radiation 
must increaie a hundred times as much as it is at present 
by the time the amount of hydrogen is about to fall to 
zero, and that, with its decreasing hydrogen content, the 
sun must fint grow a little larger and then slowly begin to 
diminish in size. This new development is revolutionary. 
Classical theory maintained that the inhabitants of the 
earth would be destroyed by ice with the death of the sun. 
Instead, it would appear that life is doomed to burning 
because of the intense heat which will be generated by the 
sun toward the end of its normal evolution. In those days, 
the oceans and seas will boil, but the temperature will 
probably not be high enoi^h to melt the rocks fonrung the 
earth's crust. 

Under such conditions, there would be three posabilities 
for survival. Man might explore the mysterious world 
beneath his feet, burrowing like a mole, constructii^ vast, 
^r-conditioned underground cities for humanity. In this 
strar^, new world, there would never be the elevating 
influence of a starry sky; and it is curious to speculate upon 
the effect that might have upon the state of civilization. 
l£i for example, clouds perpetually covered the earth, but 

95 


if they were not so thick as to prevent the sun’s energy from 
penetrating the soil and growing the crops, we would be 
creatures of exceedingly narrow limits. The human race 
would go about its lowly task of growing corn for food and 
cotton for dress, knowing nothing of the greatness of the 
universe'—and of man himself. 

A second possibility would be to escape the earth and 
colonize another world; N^tune, for instance, might 
become a haven for terrestrials. 

A point of importance is that the rise in temperature will 
be slow, requiring about 10,000,000,000 years before the 
h^oh ptt stage of luminosity is reached, after which the sun 
wiU commence to die. The slow rise in temperature in 
all likelihood will be accompanied by evolutionary changes 
in the biological world, so that terrestrial life will become 
more adapted to the greater heat. Perhaps man wU survive 
by developing a homy, semi-heat-resisting covering. Such 
animals with exoskeletal structures actually exist; take, for 
example, the lobster. The covering might be impregnated 
with or made out of some heat-resisting element, like 
asbetos. If the chemical compounds of which living matter 
on the earth is composed'do not alter to meet the charging 
conditions, however, it would appear that the biological 
spedes will degenerate; and man will have vanished from 
the earth lor^ before the temperature becomes really 
intolerable. Only the simplest and most stable of micro- 
orgamsms will be here to witness the final radiation efforts 
of the ancient sun. 

When the sun has completely burned up its fuel and come 
to the end of its hydrogen evolution, Gamow believes that 
it will continue to shine for a time by the process of con¬ 
traction. Shrinking rapidly in size, its luminosity diminish- 
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ing at a swift rate, the sun will retreat to its present energy 
output in about 5,000,000 years. Finally the sun will turn 
into a giant lump of dead matter enveloped in eternal ice 
and surrounded by a system of frozen planets. 

One tends to imagine the dead sun as a giant stone, 
similar to the earth, only larger, rolling through space. But 
the present knowledge of the properties of matter indicate 
that the interior of the sun will be vastly dissimilar to the 
interior of the earth. Because the sun is so massive, it will 
produce, in its central regions, pressures surpassing a certain 
critical atom-crushing value; and the structural parts of 
atoms, which prevent them from being squeezed into one 
another under normal pressure, will be disrupted. Electrons 
of one atom will then penetrate into the interior of another, 
and matter in the sun's interior will exist in a peculiar new 
state: it wiU bekaoe like an ordinary gas and it will look Ukt som 
mclten fuaoy metal. 

Thus the sun is destined to a complete internal collapse. 
It is estimated that it will have a diameter smaller than 
that of Jupiter and comparable with that of the earth, and 
that the density of the sun will rapidly incKase toward 
the centre. The average density wil be 3,000,000 times 
greater than the density of water; and each cubic cenU- 
metre of the material in the central regions of the sun will 
weigh about 30 tons. 

Among the stars above us, there is observational evidence 
for the c3ustcnce of collapsed stellar bodies. Of couise, dead 
stars cannot be seen. But stars which have already ex¬ 
hausted their hydrogen “fueV’ and are living on the 
gravitational energy generated by their slow contraction 
are to be found- Such a star is the companion of Sirius, the 
Dog Smr. It is estimated that the radius of this star is fifty 
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times smaller than the sun and that its avei^e density U 
800,000 times the density of water. 

It may be that our speculations on the future of the sun 
are little more than sdentidc daydreams. But one thing is 
certain concerning stellar evolution: the death of the sun 
and stars is inevitable; wound-up watches and wound-up 
suns must run down some time- 

Going upon the assumption that life still will be in exist¬ 
ence when the sun begins to die (that is, if the sun docs not 
become hotter and hotter before giving up its light or if life 
survives the increasing heat by adaptation, by building 
underground, or by escaping to and returnii^ from other 
worlds than ours), an interesting picture of the human 
reactions towards the death of the sun can be projected. 

The Arctic and Antarctic Oceans will freeee first, and 
this will result in a general secondary lowering of tempera¬ 
ture and an extensive glaciation. The North and South 
Atlantic and Pacific Oceans will gradually be frozen, leav¬ 
ing only the ocean near the Equator in a liquid state. But 
slowly and surely more and more fioating ice will be found 
in tropical regions, until all the waters of the earth are 
hardened into ice. 

When the continents reach die freezing points, streams 
will cease to exist; and the rain and snow falling on them 
will become ice, which cannot run off as water docs. Hence 
thick, slowly moving icecaps will be formed, like the one 
that cloaks the Antarctic continent today. 

Life as we know it could not endure under such con¬ 
ditions. It might survive by buUdii^ elaborate imder- 
ground shelters of the order of Admiral Byrd’s Little 
America. Another possibility would be to move closer to 
the hearth of the solar system, just as one draws closer to a 
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fire when it begins to die. The whole population of the earth 
jn^ht be transported to Venus or Mercury; but with the 
death of the sun, it would have to set out for another 
planetary system. If modern theories of creacion arc concct, 
the main body of stars was formed at the same time; 
and when the sun is dying, the entire universe will be filled 
with dead or dying stars. It is believed, however, that the 
process of star formation is still in progress, so that there 
may be some live stars with planets to colonhe when our 
great cosmic catastrophe tahes place. 

Still another possibility would be to construct our own 
sun, a source of heat and light which might be suspended 
in the sky and hold the hoverii^ demons of cold and 
darkness at bay. This artificial sun would operate by sub¬ 
atomic energy. In the remaining years of grace, man might 
learn how to run the carbon cycle. Hydrogen, the fuel, is 
abundant, and other light atoms, such as lithium, arc also 
plentifiil sources of energy. With several thousand millions 
of yean of time at his disposal for research, man should 
be able to develop cheap, abundant and manageable 
subatomic power. 

The marvellous power of adaptation, which physiology 
and palaontology have revealed in every variety of animal 
and vegetable life, will imdoubtedly make terrestrial life 
more and more adjusted to the increasing cold, just as it 
did during the Pleistocene Ice i^e, when there was a 
general, worldwide lowering of temperature. Perhaps the 
stability in temperature of that future time may make it 
seem doubtful whether any really intelligent race could 
have existed in a period suli^ected, as is ours, to such varia¬ 
tions in temperature. In Sketch for a SelfI*ortrfdt, Bernard 
Berenson suggests just such an idea. Speaking of climate 
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and the United Slates, he voices the presentiment that the 
United States may, in the loi^ run, prove unfit for mazi*s 
habitation. Since the mountains extend from north to 
south, instead of from east to west as in parts of Europe, the 
land is open to the extremes of heat coming from the steam- 
bath of the Caribbean and to the Icy blasts from the Arctic 
Ocean. Berenson points out that the changes are sudden and 
violent, the thermometer rising or falling as much as So* 
F. in the course of a waking day. If a glass is plui^ed first 
into hot water and then immediately into cold, it will 
crack; and Berenson makes the observation that our veins 
and arteries arc more sensitive than any glass and that if 
they do not crack they wear and tear. 

If interplanetary travel, artificial suns, and underground 
cities prove to be unfeasible, and if the adaptation of life 
does not keep pace with the increasii^ cold, the biological 
species will most likely begin to degenerate. As the sun grows 
cold, the quantity of rainfall will diminish by reason of the 
lesser amount of evaporation of sea water. Vegetation will 
entirely change its aspect, increasing the volume of its 
leaves and the length of its roots, seeking in every way the 
humidity necessary for life. Species which arc not able to 
adjust themselves to the new conditions will vanish; the 
rest will be transformed- Not a tree or plant with which we 
are familiar will be seen. There will be no ashes, no oaks, 
no elms or willows; and the landscape will bear no resem¬ 
blance to that of today. 

life and human activity will imperceptibly retire toward 
the zone between the Tropic of Cancer and the Tropic of 
Oapricom. During many centuries equatorial mankind will 
attempt dramatic cq^edicions to find once more, under the 
ice, the skes of Leningrad, Berlin, London, Paris, New 
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York, Con^antbople and Rome. As the habitable siirface 
of the earth becomes more restricted, the world’s popula¬ 
tion will diminish, men falling like poppies before the 
coming of winter. Finally, only a few million inhabitants will 
remain, scattered in groups along the Equator, where they 
will wage the last combat with death. A suppositious 
traveller of the twentieth century in those times might 
discover, in the equatorial zone, immense cities of glass, 
resembling giant solaria. 

Perhaps civilization will add a few million years to its 
life by the direct utilization of solar heat, that is, for 
example, by collecting the last enfeebled rays of the pale 
sun with huge concave mirrors. This method is already 
employed to run the refrigerators of the cold^rink stands 
in the Arizona desert and to heat water for the public 
baths of the Oriental city of Tashkent- 

Without doubt, the lamps of the theatre will have been 
extinguished and the actors will have departed loi^ before 
the heat and l^ht of the sun have f^ed. It is at this time, 
not when the sun will have become a dark ball with the 
earth floating as a charnel ship round it, that the end of the 
world must be reckoned. 

The end! The hour will strike upon the timepiece of 
destiny as the iinger-tips of Death touch those of the sole 
survivor of humanity. And the races of mortal creatures, 
which were let down into the fields from heaven by a 
golden cord, or generated from the sea or the rock-beating 
surf, or were borne to the earth as a germ on a falling star, 
will be no more. The equatorial city of glass will be dark, 
putdng into the shine of star lights a wall of black windows. 
New York, London, or Paris in the early morning hotjxs, 
when millions upon millions are sleeping, is in the nature of 



a preview of fhk city when the earth becomes cold in the 
ileep of death. The general loss of consciousness in a large 
community before the sunrise generates an impression of 
abandonment, as 5f it were the fall of the dty, the end of 
time. 

Towards the end of the sun^s life, the day-star will appear 
lihe a luminous drop of blood against the black velvet of the 
sly. Finally, the sun will become a dark globe and be 
swallowed up into the night. The moon and planets, which 
shine by the reflected light of the sun, will also be extin¬ 
guished, and the earth will receive no other light than that 
of the remaining stars. 

The solar heat having vanished, the atmosphere will 
liquefy and freeae upon the lifeless globe, and an absolute 
calm will reign forever- No clouds will form; no snow will 
fallj neither will there be any breath of air. According to 
Gamow, the universe will then be populated by dead or 
dying stars, so that similar conditions will exist on worlds 
surrounding these «art. Furthermore, the left-over stars 
will have changed their places in the firmament. The 
constellations will be deformed, and the heavens will have 
become unrecognizable. 

The astronomer Camille Flammarion speculated about 
life on dying stars. He imagined the sun—then a dark star, 
but still warm and electrical, and enveloped in a sort 
of phosphorescent atmosphere—inhabited by strange 
creatures, by a marvellous flora, by an unknown fauna, by 
beings diflaiog absolutely from those who had succeeded 
each other upon the worlds of its system. 

The Antarctic regions have been ducribed as a preview 
of the earth sons hence when the sun grows cold, the con¬ 
quering ice smothers life, and the terrestrial globe becomes 
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^ huge white tomh hurtling through eternity. Thcre> at 
the bottom of the world, the feeling is that of walking in a 
dead city of another planet; everywhere there is absolute 
silence, the cumulative silence of a million yean. 

As in the case of the Antarctic continent, the broad 
picture of the earth will be that of a lofty desert of ice, out 
of which, here and there, high black or light-coloured 
mountain peaks will rise. The vastness, the clearness, the 
whiteness, the silence and the purity of the whole world 
will transform our planet into a sermon in ice. But there will 
also be malevolence in the nature of the phyrical world; 
our planet will be as cruel and sinister as its beauty is 
harmonious. 

According to the traditions of the cemetery, if the spirits 
of the dead rise &om their funeral chambers every now and 
then, imagination may conjure up for us the fearful dances 
they will perform across the stalely fields of ice, It may be 
that these dances, symbolmng the power of death, will be 
accompanied by ghostly prehistoric choruses, destroyii^ 
foe black silence of eternal night. 

The end of the world may occur in many ways, by the 
C 2 q)losion of the sun or by the collision of the earth with the 
moon or the sun with a star. But the slow death of the sun 
and cooling of the earth is inevitable and will probably 
occur before any one of these other astronomical tragedies 
befalls our world. 

THs u tht thi world tnds 
This i; ths xvr^ the world ends 
TUs is the w<^ the world ends 
M with A bang hut a whimper. 
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ATOMIC WAR 

In Tki Smi^ oj Arty Bernard Shaw writes: . as these 

alarms always had their public, like prophecies of the end 
of the world, there is nothing surprisii^ in the fact that a 
book which might have been, produced by playing the 
resurrection man in the old newspaper rooms of our public 
libraries, and coUectii^ all the exploded bogy criticisms of 
the last half-cenniry into a huge volume, should have a 
considerable success/' 

There is one last means of the end that cannot be 
neglected or the author stands the risk of falling into the 
trap of playing the ‘‘resurrection man.” This means is the 
wartime use of atomic energy, 

Albert Einstein and Harold C. Urey, probably more 
than any other two scientists, have attempted to carry the 
message of the bomb’s power to the people. Both of these 
men possess a deep sense of sodal responsibility. This 
responsibility, not only towards the group of persons 
existing at the present time, but towards future gener- 
adODS, must be shared by all of us. 

In August, 1945, the terrible energy of the atom’s nucleus 
was released on the Japanese city of Hiroshima. Three 
months later, in an article in the Atlaniu Monthly, the noted 
physicist Albert Einstein, whose formula E^mc* led to the 
belief that atomic energy could be unlocked, made the 
fbllawing statement: 





“I do not believe that dvilizaiion will be wiped out in a 
war foi^ht with the atoimc bomb- Perhaps two-thirds of 
the people of the earth might be killed, but enough men 
capable of thinking, and enough books would be left to 
start again, and civilization could be restored.” 

However, in the AtitvUic Menihly of November, 1947, 
Einsidn reported: . enough has been said by those who 

[work in the field of the atomic bomb] to indicate that the 
bomb has been made more effective.” In speaking of the 
growing scope of atomic war, he said . that unless 
another war is prevented it is likely to bring destruction on a 
scale never before held possible and even now hardly 
conceived, and that little civilization would survive it.” 

Three years later, in February, 1950, Einstdn delivered 
a memorable speech at Princeton, New Jersey, for broadcast 
on an N.B.C. television programme. Speaking on “Peace 
in the Atomic Era,” Einstein said: “The armament race 
between the II.S.A. and the U.S.S.R-, originally supposed 
to be a preventive measure, assumes hysterical character. 
On both sides, the means to mass destruction are perfected 
with feverish haste—behind the leapcctive walls of secrecy. 
The H-bomb appears on the public horizon as a probably 
attainable goal. Its accelerated development has been 
solemnly proclaimed by the Freeident. 

“If successful, radioactive poisoning of the atmosphere 
and hence annihilation of any life on earth has been brought 
within the range technical possibilities. The ghostlike 
character of this development lies in its apparently com¬ 
pulsory trend. Every step appears as the unavoidable 
consequence of the preceding one. In the end, there beckons 
more and more clearly general annihilation.” 

Thus, the atomic bomb has been made increaslngty 
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more terrible, while nothing has been done effectively, 
since the completion of the first atomic bomb, to make the 
world safer from war. A chronological study of the writings 
and speeches of Albert Einstein on atomic war reveals the 
growi of the idea of the end of the world as produced by 
man. Today this man-made possibility of the end is 
established on a firm foundation. This is The Year Atom 
Bomb Eight. It is a question as to whether we shall be alive 
in A.B. 9 or a.b. lO. 

That the fate of humanity depends upon the abiUty of 
men to co-operate in avoiding common dai^ers has been 
declared not by Albert Einstein alone, but by most of the 
world’s most eminent physicists; by Harold G. Urey, who 
worked on the atomic bomb from 1940 on, specializing in 
isotopes c£ uranium and the production of heavy water; 
by the Austrian physicist, Lise Meitner, who pioneered in 
breaking down uranium 235—a feat which led directly 
to the creation of the atomic bomb and atomic energy; 
by Niels Bohr, leading Danish scientist who worked on the 
American development of the atomic bomb; and by J. 
Robert Oppenheimer, who headed the Los Alamos group 
of scientisis who developed the atomic bomb. All these 
scientists, who helped to produce the atomic bomb and who 
presumably know something about it, have given notice 
repeatedly that civilization is in dire and immediate 
danger. In spite of these wamii^, the peoples of the earth 
are drifting nearer and nearer to the edge of the abyss— 
the atomic wax. Nations are rearming on a large scale and 
history teaches that the result of such rearmament is war. 
At the same time, the psychological forces behind the 
rearmament policy are growing stronger and stronger— 
fear, hatred and the pursuit of power and wealth. 
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The energy liberated by a “nominal atomic bomb” is 
approximately equivalent to that released in the explosion 
of 20,000 tons of TJ^T.T. Expressed in electrical energy, ic is 
roughly equal to the d^y ou^ut of Hoover Dam, or 
enough to keep a loo-wact bulb burising for 263,000 years. 
Yet this gigantic force can be unleashed in the complete 
splitting of only 2 *3 pounds of uranium 235 in les than a 
zniJlionth of a second! 

When an atomic bomb is exploded in the atmosphere, its 
radiation is absorbed considerably by the air immediately 
surrounding the bomb, with the result that the air is made 
white with heat. About onc-ten-thousandth of a second after 
the burst this ball of fire has a diameter of about 90 feet; 
and the temperature is then 300,000® C.^-or fifty times 
greater than that of the sun’s surface. To an observer five 
miles away, its brightness is 100 times that of the sun as 
seen ftom the earth. The firebaJI attains its maximum 
diameter of 900 feet after the lapse of one second. Because 
its density is low, it rises into the air like a gas balloon, 
tddmately ascending as rapidly as 300 feet per second. 
Approximately ten seconds after the explosion, the lumin¬ 
osity of the fireball has nearly died out; the pressure 
of the shock wave has decreased to almost harmless propor¬ 
tions; and'the immediate effects of the bomb are over. 

There are several interesdng after-effects of the explosion. 
A violet-coloured glow is seen at some distance fi^m the 
bail of fire soon after the detonation. This is observed 
especially at night or in dim daylight, and is believed to be 
the final result of a complex series of processes started by the 
action of gamma radiation on the nitrogen and oxygen of 
the If the air is saturated or nearly saturated with water 
v^xmr, anothw phenomenon occurs. The suction wave that 
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follows the shock wave condenses the water vapour and 
creates a cloud, which is dissipated when normal atmos- 
pherlc pressure is restored and the water droplets vaporize. 
The entire effect is over in about a second- 

Suppose, as do the scientists at Los Alamos, that a 
“nominal atomic bomb** is exploded over your city. It is 
two o*dock on just such an afternoon as this. In the first 
great flash ofl^ht—as dazzlti^ as 200 suns—the buildings 
are silhouetted against a sky of fire. Then the buildings fall. 

You are over half a mile ffom the point beneath the 
bomb’s burst. You are exposed to a lethal dose <ff nuclear 
radiation- You will die in about two weeks. 

Within a few hours, you will experience the first effect of 
radiation sickness—shock. In the following day or two, you 
will be nauseated, vomit and have diarrheea. Fever will 
follow. 

A few days will pass when you will be free from aU 
symptoms. However, profound changes will be taking 
place in your body. Then the earlier symptoms wiJl return 
and will be followed by delirium, coma and finally death. 
But before this stroke of good fortune, your body will 
become infected, you will bleed internally, your throat will 
swell, your hair will fall out, and your sex organs will 
degenerate. 

During these weeks—the weeks of agony preceding your 
death—you will have ample time to rejoice that your family 
were spared by ihedr having been annihilated totally and 
instantly. When the explosion occurs, they arc less than half 
a mile from the point directly beneath the bomb’s burst, 
an d arc struck almost simultaneously by three waves of 
force, each one strong enough to kill. 

The first (flash heat, thousands of degrees hot) and the 
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second (invisible, penetrating nuclear radiation, deadly 
gamma rays and neutrons) arrive as one. A second later, 
the blast wave hits,- crushii^ the city with a gigantic 
pressure. 

In the immediate area of the explosion, nothing is left 
staudii^. There are no walls. There are no wounded. The 
heat and pressure of the bomb reduce buildings and human 
beings to smolce and dust. 

Utter destruction occurs within a half‘mile radius. Small 
buildings made of brick or stone are overwhelmed by 
pressure and collapse completely. Light buildings and 
homes are totally demolished by blast and fire. Factories are 
stripped of roofing and siding; only the great steel girders, 
twisted and wrecked, remain. Buildings lean away from 
the point beneath the bomb’s burst as though hit by a 
hurricane of gargantuan proportions. 

People within half a mile of the atomic explosion are 
either killed by blast, crushed by falling buildings, burned to 
death by the intense burst of heat or given a greater-than- 
lethal dose of nuclear radiation. 

The heat wave which precedes the blast lasts for about 
three seconds. It sets flash fires and chars combustible 
substance. Serious skin bums, of those who are exposed to 
the heat wave, occur widun two miles of the cxploaon. 

Bums from fiash heat and ordinary flame are responsible 
for more than half of the deaths and three-quarters of the 
injuries in your city. About twenty minutes after the blast, 
the “fire storm” begins, blowing into the onfemo from all 
direcrions, at thirty to forty miles an hour at Its height 

The wave of invisible energy wfuch produces radiation 
ricktiess-—striking the human cell in the bone marrow, the 
blood, and the Uvii^ tissues—arrives with the flash wave. 


112 


People at 4,200 feet from the e^rplosion are killed by gamma 
radiation, while fatalities from neutrons occur up to half a 
mile. At a distance of 3,000 feet, city residents, even those 
protected by a 12-inch wall of concrete, have stood a better 
than 50 per cent, chance of being destroyed by this nuclear 
radiation. 

These will be the effects upon you and your community 
if an atomic bomb, lihe that primitive one which killed over 
78,000 people at Hiroshima, is exploded over your city. The 
effect that the atomic bomb will have upon posterity is still 
a mystery. Biological factors (chromosomes and genes) 
which control heredity are altered by radiation. If atomic 
victims refrain from propagating offsprmg for two or 
three months after exposure, the hazard of passing on 
changes in chromosomes can be diminished. This pre¬ 
caution, however, probably would not reduce the risk of 
passing on changes in genes- Whether the children or 
grandchildren of atomic victims will be human monsters, 
no man knows at the present time. 

Approximately ten square miles of Nagasaki were des¬ 
troyed by one atomic bomb. This means that 1,000 bombs 
of this type could devastate 10,000 square miles. New York 
City coveia a densely populated area of about 300 square 
miles. From this it is apparent that, if properly placed, 
these 1,000 bombs could destroy thirty-three cities of the 
size of New York. And there is no re«on why, with 
sufficient effort, 10,000 bombs cannot be secured- 

If atormc bombs are used in that next war whi^ mast never be, 
it seems certain that all the principal cities of the entire world will 
be utterly destroyed and that all of their inhabitants will be kilUd. 
A great city such as Rome, representing almost 3,000 years 
of human single and arc and sacrifice, will simply vanish 
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in a flash of htat and l^ht. In 1945, J. Robert Oppen- 
heimer stated that a sii^le raid on United States ddes 
alone could lull 40,000^000 of the earth's inhabitants. 

It should be obvious that the chances of surviving an 
atomic attach are negl^ible. Up until a few years ago, all 
books, such as David Bradley’s No Placo to Hide and John 
Hersey's Hiroshima, and propaganda stressed this fact. Since 
the explosion of the first Soviet atomic bomb, however, the 
information coming from our officials has reversed itself. 
Now WG are being told that “You coo can survive an atomic 
attack I*' and that salvation lies in hidir^ under a table or 
bed. The true situation is unfortunately quite the reverse, 
Moreover, the chances c£ surviving atomic wai&re at 
present arc much smaller than in the “good old days’* of 
1945, when the uranium bomb was the only threat to 
humanity. Today, with the possibility of the hydrogen 
bomb, and tomorrow, with the possibility of even deadlier 
weapons, the chances of survival have been lessened, if not 
altogether abolished. 

Among the weapons which may be used in future wars, 
radioactive substances, to contaminate persons, objects and 
areas, are particularly sinister. This possibility is generally 
referred, to as radiological Vkfarfere. 

From the radioactive fission products that are rnanu* 
factured in a pile, the Austrian physicist Hans Thirring has 
suggested that a “deadi sand” could be prepared. This 
could be done by drying a water solution of salts of the 
fission products on sand or metal powder. Dropped upon 
the streets of a city, this deadly sand would be picked up 
and blown about by the wind. Hiunan beings would perish 
by inhaling it. 

If the concentration of sand on the streets amounted to a 



radioactivity of ^ curies (a curie is that amount of auy 
radioactive substance which emits the same number of 
alpha rays per unit of time as i gram of radium) for an 
area roughly equal to a square yard, a normal person would 
receive a lethal dose by lakir^ 500 breaths. This would 
occupy half an hour. 

TbiiriDg calculates that a death sand containing one- 
half of 1 per cent, of fission products by weight would have 
a radioactivity of 75,000 curies per pound. A layer of this 
sand sufficient to produce the deadly surface concentration 
of 2 curies for an area somewhat larger than a square yard 
would be quite invisible. 

As you read this, atomic power plants all over the world 
are producing millions upon millions of curies per month of 
deadly poisons. The taxpayers of both democratic and auto¬ 
cratic nations are supporting these plants. It would appear 
that we are all accomplices in a vast and terrible suicide 
pact. 

While the atomic bombs already exploded arc appalling 
enough, more frightful ones are now beii^ developed. 
On January 31, 1950, President Truman announced that 
he had given orders to the Atomic Energy Commission to 
work on the hydrogen bomb. Since then, Stalin has 
announced that Russia too has been making every effort to 
produce bi^cr and better atomic weapons. And England 
is also in the race. 

Less than one year after Mr. Truman told the Atomic 
Energy Commission to try to make a hydrogen bomb, on 
November 16, 195I] the Commission announced that 
“e 3 q>eriment 5 contributing*' to hydrogen-bomb research 
had been completed recently durii^ tests on Emwetok 
Atoll in the Marshall Islands. The statement that test 







official had expressed "satUiactioa” cpver the results as a 
whole was made also. Speaking of the Atomic Energy 
Commission’s announcement, the physicist Harold C. 
Urey said that it “sounds like official lai^age for a success* 
ful H-bomb.” 

Like the oId*fashioned atomic bomb, the hydrogen bomb 
would derive Its energy from the transformation of one 
element into another. But the kind of reaction involved in 
the new bomb would be different. 

The uranium'fission bomb employs as its explosive .the 
atoms of uranium or plutonium, two ofthe heaviest elements 
known to man. When one of these heavy atoms splits, or 
fissures, into two lighter, simpler atoms, energy is released. 
The idea of the hydrogen bomb, on the other hand, is to 
liberate energy by iusing, or combining, one atom each of 
tritium and deuterium, heavy forms of hydrogen (the 
lightest element known) into a heavier more complex atom 
—namely, that of helium. This kind of reaction occurs in 
the sun and stars, where hydrogen is converted into helium, 
with the release of energy. Thus the heaviest atoms liberate 
energy when they are fissioned into lighter atoms; and the 
lightest atoms liberate energy when they are fused into 
heavier ones. 

In a hydrogen bomb, a high temperature is reqtured for 
the thermonuclear juslon reaction. The central tempera* 
ture of the exploding mass of uranium or plutonium bomb 
has been estimated at 50,000,000^ G. From this, it is 
apparent that a designer of a hydrogen bomb would use a 
uraruum or plutonium bomb as a detonator. To the fission 
bomb, he would add a mixture of deuterium and tritium for 
the fusion process. 

While there are inherently narrow limits to the size of a 
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fissioa bomb, there is no limit to the size of a bomb, 

which depends solely upon the amount of the reacting 
elements built into it. The hydrogw bomb can be lOO or 
1,000 times as deadly as the uranium bomb. 

The question has been raised frequently as to whether a 
hydrogen bomb could start a nuclear reaction in the earth 
and thus convert our planet into a star. An answer has been 
given by Hans A. Bcthe, chief of the theoretical physics 
division at the Los Alamos Scientific Laboratory from 1943 
to 1946. Bethe points out that the radiation produced by 
thermonuclear reactions deep within a star has great 
difficulty in escaping, Since the radiation is constantly 
absorbed by atoms and re-emitted in new directicns, it 
docs not ascend to the suifece in a straight line but by a 
complicated, zigzag route. This slow escape of heat main¬ 
tains the high central temperature of the star, which, in 
turn, maintains the fusion reactions that proceed at very 
high temperatures, Only a star big enough to hold its 
radiations for a considerable length of lime is able to 
generate s^nificant amounts of energy. It is estimated that 
10,000 years elapse before the sun’s radiation, for example, 
escapes. Jupiter, the largest planet in the solar system, 
is too small to maintain nuclear reactions, from which it 
follows that a hydrogen bomb could not start a nuclear 
reaction in the earth’s atmosphere, ocean or crust and 
transfonn our globe into a blazing star. A hydrogen bomb, 
because of its small mass, would heal only a small volume ^ 
of die earth. And even if nuclear reactions were begun, the 
nuclear energy would be carried off by radiation much 
more rapidly than it was generated; the temperature would 
fail quickly; and the nuclear reactions would soon stop. 

It is important to keep in mind, however, that this 
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expiration of why an atomic explosion could not start a 
chain reaction in the earth and blow up our planet is 
cntirciy theoretical, not factual. Actual experiment, 
perhaps through the wartime use of atomic enei^, may 
prove—too late—that it is possible to reduce the earth to a 
new swarm of asteroids. 

The effects of a hydrogen bomb would be far more 
devastating than those of a uranium bomb. If an H*bomb 
liberating i,ooo times as much cnci^ as the Hiroshima 
bomb were built, it would produce almost complete 
destniciion of buildings in a twcnty-mtlc-widc cirole (at 
Hiroshima, the blast caused severe destruction in a two- 
mile-wide drcle). The area of total destruction of such a 
bomb would be about 314 square miles, so that the la^er 
dties of the world, such as Paris (30 square miles), Moscow 
(no square miles) or even Greater New York (320 square 
miles), could be obliterated by the blast effect alone of a 
single atomic bomb. 

The population of Paris is 2,691,473, that of Moscow 
4,500,000 and that of Greater New York 7,841,000. If one 
well-placed hydrogen bomb could annihilate most of the 
population of any of the great cities of the world, what 
notion of the threat of this atomic weapon to humanity 
must man form? 

The heat effects of the hydrogen bomb must also be 
considered. Fatal bums &om the Hiroshima bomb were 
frequent in a radius of nearly one mile. But the hydrogen 
bomb would burn people to death in a circle having a 
diameter of forty miles or more, so that the area of he» 
radiation would be 1,256 square miles. Greater London, 
with its area of 693 square miles and population of 
8,346,137, would be wiped out in a single flash, 



Iq addition to the blast and heat radiatiOD, there would 
be nuclear radiation. However, it is likely that most of the 
people who would reodve a deadly dose of radiation &om 
the fusion bomb would be killed in any event by the blast 
or flash waves or by their effects. 

Persistent radioactivity would also occur. The bomb case 
would be made in such a way that it would become highly 
radioactive when pulverized by the explosion. The wind 
would then transport these radioactive atoms over a large 
part of the bombed area. Moreover, radioactive atoms 
would be formed on the ground by the neutrons emitted 
from the bomb, and the centre of the bombed country 
would be contaminated for some time. 

In a letter (to the author) of February jzq, 1952, Albert 
Einstein wrote: “To me it is enough to know that the con¬ 
tinuation of the existence of human beings is in serious 
doubt if no supra-national solution can be achieved.” 
It is quite obvious that Einstein was talking of the hydrogen 
bomb at the time. 

Few persons are aware of the fact that aio/mc um/wu 
rm^^i actually amihilaU the human race. It would seem that it 
is now within the reach of man to cause the end of the earth 
as an inhabited world. Leo Szilard, who worked on the 
atonuc bomb during the war and is now a biophysicist at 
the Univenity of Chicago, has suggested a means—a 500- 
to io,ooo-ton H-bomb which would produce enough radio¬ 
active dust to poison the entire atmosphere. 

Accordii^ to Szilard, the necessary deuterium can 
be produced. To make 10,000 tons of this hydrogen^ 
however, James R- Arnold of the University of Chicago’s 
Institute for Nuclear Studies estimates that it would 
require ;£40,ooo,ooo,ooo and a five- to ten-year all-out 
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cHbrt on the part of a major iadus&ial nation. This amount 
of deuterium can be exploded in one package, or in many; 
assuming that hydrogen bombs can be built, of course. 
In such an explosion, Szilard calculates that 50 tons of 
neutrons will be produced- These neutrons can be absorbed 
in an element giving rise to a dangerous radioactive 
substance. Zinc or cobalt, according to Arnold, are the 
elements which must be used, and cobalt is the poison of 
choice. He sees a need for a shell of 100,000 tons of cobalt 
around the exploding deuterium. If distributed evenly, as a 
dust layer over the earth’s surface, the amount of radio¬ 
activity produced would emit enough rays to kill every 
human being. 

Arnold does not believe with Szilard, ho\vcver, that the 
radiation could be efiectively distributed in this manner. He 
argues that dust will be removed from the air by rain and 
from the land by runnoff to the rivers and oceans, leaving 
many areas relatively clean. He concludes that it is almost 
certainly not true that a weapon of this kind can destroy 
the whole human race. But he believes it is possible that 
the vast majority of the race can be killed by this means 
and that, with the advances that are to be expected, 
repetition of this discussion ten years from today may 
give very difrerent results.” 

Thus, within a decade, man may have the opportunity 
m destroy every human creature on the earth, thereby 
precipitating the natural end by thousands of millions of 
years. However, there is still time for man to exert his 
reason, and above all his will to live, and to avert the 
almost inevitable catastrophe. 

If civilization is to survive, the present intolerable drift 
towards war must be stopped quickly. (Other civilizations 
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have perished because they would not learn their lessons in 
time.) The public, which, to a large extent, has dismissed 
the warning of the horrible nature of atomic warfare from 
ite consciousness, must wake up to the seriousness of the 
situation. It must support those of our statesmen who realize 
that a revolution has taken place in science and that radical 
measures must be used to counteract it. 

The result of this first step undoubtedly will be very 
modest. At most, it will lead to an international control of 
the weapons of war- There has been some talk of disposing 
<rf onfy atomic weapons. Such a plan would not be very 
effective. A losing country must inevitably use the atomic 
bomb before bdng annihilated. It is inconceivable, for 
example, that Hitler would not have resorted to atomic 
warfare before blowing himself up. If a man is desperate 
enough to destroy himself, he is certainly going to be 
desperate enough to use the Bomb. 

Even world control of all weapons of violence probably 
would not work. Just as prohibition did not step some 
people from manufacturing and s elling alcoholic lit^uors as 
beverages, so imemational control would not stop some 
nations from manufacturing atomic bombs and utii^ them 
in war. Nevertheless, world control is a step in the right 
direction. Without it, there is a cert^ty of disaster. With it, 
there is only a probability. 

The necessity to be prepared for the eventuality of war is 
implicit in the absolute authority of the national states. It 
would seem that the only solution to the grave problems 
which ^e us in this modern age is a supranational state, in 
which all of the nations would be states in one federated 
unit. If the nations of the earth succeed in establlshiiig 
intemation|d control of the weapons of war, and if they 
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collaborate loyally in carrying out thdr obligatioDs, a world 
state m^ht ultimately be established^ and a golden age 
would open upon the earth. This age is within the grasp of 
man. Actually, the problem is not in the atomic bomb. The 
problem is in the hearts of men. 
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THE FUTURE OP THE EARTH 

The earth upon which we live is surrounded by 
dangers. But, according to the main conclusions of a study 
of various theories of the end of the world, it would 
appear that there is only one danger which is close at 
hand. 

There will be no great chaise in the sun’s radiation 
for millions of years to come. The sun is getting hotter and 
will have become a hundred times as hot as it is today 
before it is about to die; but this will not occur undl a.v. 
10,000,000,000, while the death of the sun will not take 
place until millions of years later. 

A second deluge, broi^ht on by colossal tidal waves from 
an flpprnar hmg moon, is remoter still, being predicted for 
A.D. 50,000,000,000+. This catastrophe may be averted 
entirely. If modem theories of stellar evolution are correct, 
the oceans will freeze first, in which case the motion of the 
moon towards the earth will cease. 

The sun may explode, vaporizing the planets and all 
their inhabitants. But the chance of the sun’s becoming a 
nova within the next few years is only one in several 
thousand millions. Moreover, since it is thoi^hc that each 
star can explode just once in its lifetime, it may be that 
the sun has already gone through this stage and will not 
explode again. 
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In the coming years, comets may strike the earth’s surface 
here and there. A comet’s nucleus should hit the earth, on 
the average, once in approximately 80,000,000 years. Thus, 
before the sun reaches its maximum luminosity in a.d. 
10,000,000,000, more than 100 collisions should occur. 
When we consider that such a collision could result in local 
ruin only and that the chances of a comet’s fallinf on a 
thickly populated area are not great, the fear of comets 
ending the world becomes vanishingly small. 

The chance that an asteroid might encounter the earth is 
very much smaller chan a comet-nucleus collision. The 
effect would be about the same. 

On the other hand, if our sun were to be hit by a 
passing star, the results would undoubtedly be fatal 
to the earth. However, such collisions are rare in the 
cosmical order. It has been calculated that a star of the 
size of our sun will collide with a similar star only once in 
20o,ooo,ooo,ooo,ooo,ooo years, 

While the astronomical possibilities of the end of the 
world are, as determined mathematically, remote or im¬ 
probable, the end by atomic war is imminent and very 
close to inevitable, However, there is one superb difference 
between the two: the astronomical methods can hardly be 
prevented by man, while the end by atomic power is 
unique in that man has it within himself to avert it The 
end by atomic power is not death, but suidde. 

Thus, the picture of the end of the world in the light of 
modem science reveals that the earth is likely to be suit¬ 
able for living beings for millions of years to come, if ratal 
does not engage in foolish personal destruction. This fact 
helps us to realize that we must try to leave our world a 
better place for those who come after us, 
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Astronomers have knovm for a long time now that law 
and order exist everywhere in the universe. This fact Is the 
very basis of an auspicious future of the earth. Scientists who 
study double stars—groupings of two stars that go round a 
oonunon centre of gravity somewhere between—have fbimd 
that gravity behaves in the same manner in the remotest 
comer of the universe, while those who study the structure 
of the universe have found that every galaxy has its orderly 
place within the limits of space. 

The solar system, which consists of the sun together with 
the bodies that revolve about it, is one of the most remark¬ 
able examples of order in the universe. Among the many 
regularities of the solar system are the following: the 
motion of the planets In nearly circular paths, in levels not 
greatly inclined to one another, and all in the same direc¬ 
tion; the rotadon of the sun in the same sense, with its 
equator but little inclined to the planets’ paths; and the 
satellite systems of the larger planets, which are miniature 
planetary sytems, with circular paths nearly in the same 
level of each planet’s equator, and with motion in accord 
with the planet's rotation (a few satellites are exceptions). 
Such relations as these cannot be due to chance. They 
must have originated by some orderly process. Also, in the 
solar system, the bodies obey the universal laws of gravita¬ 
tion. 

At times, nature presents the appearance of disorder to 
man. On these occasions, however, mao fails to perceive the 
harmony chat pervades the whole of nature’s actions. Thus, 
the rii^ of Saturn seem to be the result of a chaotic event. 
But it has been shown that any satellite which comes too 
dose to its primary will be broken up by the planet’s aCtrac- 
tion. Hence, instead cf being conirary to Nature, the rings 
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axe a further expression that the same laws of Nature are 
found everywhere in creation. 

In appreciating the law and order of the universe, the 
story called the “World of Chance,’* from Othtr Arabian 
Mghts, by Katibah, comes to mind. Hafiz, the hero of the 
story, is as happy a man as can be found in all the world, 
until his two fine sons die from eadng poisonous mush¬ 
rooms. In grief, he tears his hair and bewails his lot by 
wishing to escape from the world of unyielding laws into a 
world where all that happens is governed by chance— 
a kinder fate, he feels. 

Exhausted by hU wailing, Hafiz falls asleep beneath a 
tree in bis garden. Then, in a dream, he sees a creature not 
altogether an animal nor fully a human being approaching 
him. Its head is so large that it is quite out of proportion. Its 
arms are absurdly long. Its eyebrows axe placed beneath its 
eyes. The ugly creature explains that he was bom that way 
by chance, and that everything in the World of Chance is 
just as strange. 

Hafiz next notices the cattle. He is told that some sheep 
give birth to pigs and others to lambs, and chat one never 
can foretell which it will be. While he marvels about these 
thii^, darkness &lls. He asks if it is an eclipse of the sun, 
and his guide replies that the sun has merely set. He learns 
that in the World of Chance there are no fixed days or 
seasons and that the darkness may last a few minutes or 
perhaps a month. The sun rises when it chances to rise and 
sets when it chances to set. Hafiz then explains how the sun 
behaves in a predictable way in the World of Law and 
Order, his native land. 

Then Hafiz observes rivers that change their courses In a 
haphazard fashion and trees Chat bear all kinds of fruits and 
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vegetables, in addition to others on their roots. When he 
awakes he feels deeply grateful for a well^dercd universe, 
regulated by the inexorable laws of Nature. 

The fact that our universe is not conducted like a circus 
—that the sun cannot die and that a comet cannot strike the 
earth without cause or reason—possesses an important 
influence in determining an optimistic attitude coward the 
future of the earth. According to the astronomical theories 
of the end of the world, the outlook of our planet is very 
promising; and unless man uses atomic energy for evil 
purposes, our planet should go on much the same as it is 
today for immense lapses of time-^r miiiennium after 
millennium piled upon millenniums. 

If we assume that there will be satisfactory life con¬ 
ditions on the earth for the next 2,000,000,000 years (which 
is a conservative estimate according to the theories of the 
end of the world), and if we assume, from the oldest fosrils 
ever found, that life originated about r ,000,000,000 years 
ago, then terrestrial life migh t be thought of as bring 
youx^. 

Mankind itself is younger still, though most people of all 
generations have thought of our race as being old. People 
have looked backward to such times as the Golden Age of 
Greece and forward to the end of the world. Similarly, a 
little child thinks that his parents are very old, and misty 
memories of the security of his childhood remain with 
him always. 

Jt is believed that man first appeared upon the earth 
some 1,000,000 years ago. Comparing our race to a man 
with a life span of 100 years, and esomating our past at 
1,000,000 years and our future at 2,000,000,000, ic can be 
calculated that tfuU man, at prisent^ is eighteen dajts old. An 
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eightcen-day-old infan t u not able to sit up. He is able to 
cry when he is hungry or in pain. His eyes are able to follow 
a bright light. He is able to take food- It is no wonder, then, 
that our race does not reason properly and is selfish. It is 
still in the infant stage. 

According to the scale of the life span of a man being used 
in this analogy, fifty years for our race is little more than a 
minute of its life. Yet in every half-century (especially since 
the age of science), not only has there been progress made 
in leanung, but there has been an acceleration in leamii^ 
over the preceding fifty years. The growth of astronomy 
during 1900-50, for example, was extraordinary. Among 
the innumerable important contributions that were made, 
there was the confirmation of the theory of relativity, the 
analysis of stellar motions, the development of the carbon 
cycle of stellar energy, the concept of spiral galaxies, the 
exploration of stellar interiors, and the designing and 
building of great telescopes (in 1950, telescopic power was 
100 times as great as fifty years before). 

In the next few decades, the major contributions may be 
made in the fields of cosmic physics, precise stellar spec¬ 
troscopy, the unravelling of the detailed structure of the 
Milhy Way, the mapping of the neighbourhood of our 
galaxy and speculation about the origin of the planetary 
system. According to the American astronomer, Harlow 
Shapley, these fields, at present, appear most obvious for 
future development 

Not only were there great advances in astronomy in the 
years of 1900-50, but important contributions were made 
in all the sciences during this one minute in the lifetime 
of our infant race. In physics, the energy of the atom’s 
nucleus was released, thus providing man with power for 
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or for ill. It is a platitude that has gained power 
without wisdom. If our race does not become a little wiser 
in the next few yean, its doom is sealed. On the other 
hand, given a modicum of wisdom, it will have a splendid 
future. The hundreds of important scientific developments 
in the last half-century would appear to be prophetic of 
a world no less wonderful than that which Alice found on 
stepping through the looHng-glass. It is also reasonable to 
believe that our race, like the literal in^nt, will grow, 
change and mature while it acquires its education and 
starts its life worL 

Without going too far into the future, and basii^ the 
picture upon the peacetime application of atomic energy, 
we may envisage die nature of the world after the next fifty 
years (or sixty seconds in the lifetime of the infant race) have 
elapsed. 

A.D. 2Q00i 

Space ships make a 240,ooo*mile journey to the moon. 
Travelling time is a few days, while trips to Mars and Venus, 
the planets flanking the earth, are accomplished within a 
few months. 

Jet-propelled planes fly nonstop round the earth’s 
Equator in twenty-four hours. Travelling more than i,ooo 
miles an hour, they keep pace with the sun’s progress in the 
sky, so that if they start at noon, the time remains noon for 
each instant of the flight. 

Planes carrying thousands of passengers and with as much 
space as a luxury liner make nonstop flights from New York 
to all parts of the world. 

Automobiles travel for a year on a pellet of atomic 
energy the size of a green pea. 

There arc no winter traffic jams because of heavy snow. 
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Snow and sicct are melted a^ as they fill by a network 
of pipes {containing aioimcaUy generated steam} buried in 
the concrete carpedng of dry streets. 

Axtifidal suns mounted on tall steel towers provide 
sunshine at any given time for parks and beaches. 

Cancer, tc^ether with many other inveterate and 
spreading eviJs, is defeated by atomic research. 

There is no such thing as a rare or scarce substance. For 
the oceans, which are great storehouses of every known 
chemical element, are mined with the vast amounts of cheap 
energy available. 

The world is permanently off the gold standard. With 
the aid of atomic ene^, the scientist is able to transform 
base metals—iron and lead, fer example—into gold- 

It is the beginning of an era of universal and perpetual 
peace; loyalty is being extended more and more from the 
national stale to a supranational group of states. 

“And they shall beat their swords into ploughshares 
and thdr spears into pruning-hooks; nation shall not lift 
up sword against nation, neither shall they learn war any 
more.” It may be that the day envisaged by the prophet 
Isaiah will arrive at last in the coming era of atomic 
eneigy, an era in which man, through the power of atomic 
energy, will grin wisdom, health and a great abundance of 
all that is desirable. 

An attempt has been made to present the most reasonable 
uses of atomic energy within the next fifty years, It should be 
obvious that the development of this energy is of Prome¬ 
thean significance-—of the same order of magnitude as when 
man first learned the use of fire. Fire is the basis of industrial 
civilization today. Atomic energy will undoubtedly be the 
basis of the world of tomorrow. And this new world will be 
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as different from the present as the present is from the days 
before Prometheus stole fire from heaven and taught 
mortals the use of it, 

The arrival of the era of atomic enei^ depends upon 
three things: how soon atomic energy is turned to peaceful 
purposes; how soon man can produce uranium 235 or 
plutonium (the two sources of atomic energy that are now 
available to mankind) at a cost that is not prohibitive in 
peacetime; and how soon scientists can get the energy out 
of the atoms of any chemical element. It should be borne ia 
mind that years of additional theoretical research and 
practical experimentation will be required before this 
energy is ever made folly available to work for man. 

But here is what atomic energy will do when this time 
arrives. 

Smashing the atoms in 2 lb. of water will produce enough 
energy to heat 100,000,000 tons of water fiom o^to 100^ G. 

The air of a single act of respiration will operate a 
powerful aeroplane for a year continuously. 

A handful of snow will heat a large apartment house for a 
year. 

The paper pulp in a railroad ticket will run a heavy 
passenger train several times round the world. 

Perhaps the most revolutionary effect of atomic energy 
on the human being will be man’s new freedom to travel 
between the planets. The development of atomic energy has 
given man a fuel powerful and concentrated enough to 
carry him to new worlds. 

By I975> a group of tcTrestrial astronomers, complete 
with telescopes, cameras and other sdentifre apparatus, 
will have walked upon the moon’s grey surface. This 
prediction, made by Hayden Planetarium astronomers, is 
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amply justiiied by the work of such reputable organizations 
as the British Interplanctaty Society and is upheld by 
leading authorities on rockec and space travel. Dr. 
Wemher von Braun, one of the scientiats chiefly respon¬ 
sible for the development of the V-a rocket, believes that 
. the time is not too far when we will get out there [to 
the planets] for a look-see.” 

Twerd^ thousand peopU have already made reservaHcru for the 
first trips to the moon, Mars, Jupiter and SaSym. A Space Travel 
Bureau was established at the Hayden Plauetarium in 
June, 1950, to publicize a show about an ima^ary trip 
through the solar system. The Planetarium announced that 
it would keep the applications in its archives until the first 
interplanetary trips are scheduled, at which time they 
would be turned over to the proper authorities. 

From the Planetarium files comes proof that people axe 
intellectually and emotionally prepared for space travel. 

In addition to the 20,000 reservations, news stories have 
brought over 500 letters from people of all ages, in every 
walk of life and from every part of the world, requesting 
reservations and explaining why they wish to weigh anchor 
and embark upon this journey through die night. Some of 
the letters are practical jokes, but most come from people 
who seem to be tired of it all and think the opportunity of 
escaping this sorry earth is not at all amusing. 

Mirroring contemporary life, as well as the nature of 
human beings at all times, these letters tell an important 
story. 

The dream of other worlds beyond our own is at least as 
old as Lucian, a Greek satirist who wrote about voyages 
to the moon almost 2,000 years ^o; and it is apparent 
today in this letter: “Since 1 was a little girl I have always 
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dreamed of malting trips to the planets, perhaps not just 
myself making the trips, but mankind makii^ them.” 

And then there is the letter from the old man in St. 
Albans, West Virginia, which said: '‘Having been a moon 
MANIAC for many years, I have decided to send my name as 
a possible guest on your trip to the Moon, a trip which 
would bring to a realization my greatest wish. ... I would 
like a guarantee that we would visit both sides of the moon, 
and if possible, the inside; however, you can count on me 
with or without any guarantees. I am now growing on 85, 
so you would have to hurry and take me on your first trip, 
or I might get weak in the knees if I wait too long. Please 
reserve one of the front seats and 1 will be there, rest 
assured.” 

Judging from the letters received by the Planetarium, 
there exists a large group which “seriously and faithfully 
believes that some day it [space travel] will be as common 
as driving an automobile.” .. Looking back in retrospect 
at the first flight of the Wright brothers,” wrote one man, 
'‘1 am inclined to believe that such an excursion is not only 
possible, but actually quite probable in some years,.. 

Others seem not quite so sure of this, like the five 
seventeen-year-old schoolgirls in Stockholm, Sweden. “Per¬ 
haps we are going to book places,” they wrote, “but first we 
want to know a little more about it. Are you quite sure that 
we shall get tickets back to the earth again, because we do 
not want to stay alone in the universal space. How shall we 
be safe from the cosmic rays? Have you special clothes to ua 
for that? How long time are we going to stay on the moon? 
And where do we live? In the airship?” 

The same caution was expressed by twenty youngsters in 
the fourth grade of the American Community School in 
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Paris. They signed up to sec the moon, Mars, Jupiter and 
Saturn; but first, they . would like to know if the rings 
on Saturn will cut us in half” 

A question raised by many of the Ictlers was the cost of 
the trip. The practical German mind manifested itself thus: 
“I guess that the cost of such a flight shall be very high. 
According to the fere of $60-70 for intercontinental flight, I 
estimated a fare of $45,000—fora return flight to the Moon.” 

However, when interplanetary travel progresses beyond 
the fictional stage, the cost of a crip to the moon will 
probably be within the reach of everyone; in fact, the 
Atomic Age may create ultimately a society in which every 
individual would have the privileges that only millionaires 
have today. 

Many letters were accompanied by photographs of the 
senders, A likely explanation is contained in this letter from 
Berlin: “If a passport shall be necessary to a crip to the 
stars, which I don’t believe, but one never knows, in this 
case you find enclosed a snapshot.” The same man would 
. like to hear what value our westmark on the several 
scars has.” 

Still another man in Berlin was concerned especially over 
getting bis wa in time. He suggests .. that the Vatican 
is the competent office for this matter.” 

Children have always haled to leave their pets behind, so 
that this letter was no surprise to Planetarium astronomers: 
“I would you to sign me up to a tour of all the four 
planets. And I would like to bring my pet.” Another boy 
wondered: “If I take my dog, will you have to charge me 
extra fare?” 

An idea common to many letters is that expressed by a 
married woman in Harrisburg, Pennsylvania: “I believe I 
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will still be avail&ble when the first flight is scheduled. 
However, in the event of makiiig a solitary journey before¬ 
hand, I request permission to assign my reservation to 
whomever of my heirs or consigns would be interested.” 

The physically and mentally ill welcome the opportunity 
to get out of this world, as the aged do also. They off er 
themselves as volunteers: “For 20 years,” wrote a man in 
Jamaica, New York, “Tve thought of a trip to the moon, 
or elsewhere. Not as a passenger, but as a volunteer in the 
first experimental trip in the rocket ship . . . but, I must 
remind you of one thing ... I have infantile paralyds... 

Others wish to go as part of the crew. “I would Like to 
make this trip in the capacity of Chaplain,” wrote a Father 
at the Catholic Mission in West Pakistan. “While the 
travellers will keep themselves busy with their individual 
earthly problems, I will occupy myself with watching 
over their spiritual affairs. Our visitors hope to reach the 
moon without accident and with success. On the way 
toward the moon, I will hope that our final destiaadoa is 
not the moon. I wish that it would be much further, 
Much further than Saturn, further than the son, and even 
further than Alpha Centauri. Our final destination is God, 
the Creator of all these worlds in the heaven and the 
inlijute beauty. Note well: they say that there isn’t any 
water on the moon. Well, I propose to cany a contaiuer 
of this precious liquid so that I can administer the baptism 
to all the new-born there....” 

Most of the reservations received by the Planetarium 
were for Mars and the moon, Mars because of the great 
possibility of life on that planet. Men want to go to the 
moon, on the other hand, ”... because it would be the most 
logical destination for a trial journey as it is the closest 
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planetary body to the earth . . or . because I would 
like to see how high I could jump.” Of course, the moon and 
Mara have other charms. One little girl signed up to go to 
Mais .. because I like evetythii^ red.” 

In transitional periods like this (despite Shakespeare’s 
warning against exchanging known for unknown ills), 
many feel that anything would be better than lift on this 
troubled planet. A man in Sweden requested a space-tour 
reservation, saying, “I am very afraid of the atomic bomb 
and wish to leave the earth as soon as possible"; while a 
woman in Norwood, Massachusetts, wrote: ‘*A couple of 
months ago I sent and received - . . space ship, time 
schedule reservation from you. Gosh! Now I honesi^ly wish 
that I could honestly go. Isn*t there any real chance at all 
of anyone to ever go in this lifetime, especially me, especially 
now, while there is still lime for anyone to go anywhere? 
It would be heaven to get away from this lousy earth full of 
war, and murdering races, colours and creeds. I honestly 
wish God would let me get away from this whole lousy 
earth, just go somewhere where ifs nice, and peaceful 
good, safe, and secure. I never asked to be bom, and I 
never picked this sticky old earth. But now I choose to leave 
it, of my own free will and desire. Because it*s no good any 
more, any part of it....” 

The moon and planets may not be such safe retreats as 
some people imagine , howcvcT. A boy in Batde Greek, 
Michigan, observes "... there was once life on the moon 
and they destroyed themselves in atomic warfare, which 
accounts for the craters...It is probable that some men 
of other planets have the same frailties as earth-men. 

As numerous as the letters from people wanting to get 
away from a crazy time In the world’s political situation 
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were the letters from people wanting to escape lifers routine. 

. . Any planet will do, as long as I get away from the 
steady old grind of everyday life such as it has turned out to 
be here on Earth,” a woman in Denver, Colorado, wrote; 
and a man in Arecibo, Puerto Rico, said tersely: . I 

think this life is worth nothii^.’* 

Second only to the number of people seekii^ adventure 
in space were those with professional ambitions; a multi¬ 
plicity of letters was received from adults seeking business 
opportunities. ‘‘Please reserve a seat for the first available 
flight to moon- Expect to cany at least five hundred pounds 
of hot dogs to sell to local inhabitants,” wrote one man from 
Mount Rainier, Washington. “It is my choice to go to 
Jupiter where I intend to establish real Vegetarian Towns 
in which all of die inhabitants are to subsist and enjoy life 
in conformity with the principles of Vegetarianism,” stated 
another from Maromas, Connecticut. Still another letter 
from Adrian, Michigan, read: “I’m a Cracker Salesman ... 
and foresee unlimited possibilities &r crackers in The Land 
of Cheese, Please confirm my reservation for space tour to 
the moon.” 

A man from Ohio, who has his planets mixed, wants 
.. to Be the First Man to Build a Skating Rink on Venus.” 
(Jupiter would be a happier choice, as it is locked in miles 
of ice, while Venus receives twice as much heat as the earth,) 
And from Berlin, came the request to build a hotel with a 
special type of bed on the moon. A picture of the “Luna 
Hotel” was enclosed. 

It would seem, according to the letters, that man Is bent 
on establishing an earth on the moon, rather than beginnii^ 
afresh in diat silent land beyond our planet and attempting 
to rectify some of his blunders, 
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Will the trouble of our world spread to the moon? Or 
will intcrpianeCary travel gready raise the condidons of life 
for all human beii^, affording to every one of them the 
opportunity to develop and express such capacity as he has 
for truly human living and truly human work in the great 
common enterprise of man? At thi< the eleventh hour we 
had better pause and ask ouixelves these questions. If the 
answer to the first question is in the affirmative, if man is 
unable to become just a little less silly, we had better heed 
the advice of one correspondent who said bitterly: ‘Tou 
screwballs have ruined the Earth now, so why not leave the 
Moon alone?” But let us hope that the answer to the second 
question is in the affirmative and join with the wise woman 
of the twentieth century from Arkansas, who wrote: . 

and if there is anything I can do to help in this great plan, 
whatsoever it is no matter how humble, I would do it with 
thanks in my heart. Thanks for the chance to help in the 
betterment of mankind.” 

When interplauctary travel is achieved, if man finds 
life elsewhere in the solar system, there will be two avenues 
open to him: he may wage war in iuavm or he may enjoy 
co^ptration btiween tkt woAds. The former course might at 
least uniiy all the nations of the earth in face of the common 
danger, and the Wax of the Worlds would result in either 
earth-man’s defeat and ruin or in his victory and exploita¬ 
tion of the defeated races for his advancement. Inter¬ 
planetary co-operation seems unlikely in light of man’s 
inability to get along with his fellows on earth. If, however, 
man does succeed in uniting mankind, it is conceivable that 
some kind of mutually profitable association with in¬ 
habitants of other planets might be mabUshed. 

If the planets are uninhabited, there are also two 
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possibilities—of cither & race betwcea the earth nations to 
annex those immense territories, spreadii^ the present 
sffu^le on earth to the distant planets, or of a united man¬ 
kind developing the planets for human welfare. In addition 
to economic opportunities, the planets could be used as 
possible homes ibr man. By increasing the atmosphere and 
water supply, irrigating the desert surface, producing 
suitable vegetation and rising the surface temperature, 
Mars, for example, could be transformed into a paradise for 
man. Man’s ingenuity and atomic power should be able to 
make these things possible. 

If the planets prove to be unadaptable to man, however, 
perhaps he might adapt himself to the planets by changir^ 
his form, or perhaps the two processes could be combined 
for the best possible use of these alien worlds. In breeding 
new human types of men from Mars, the work might start 
with experiments on some mountain varieties of our species, 
such as the Tibetans, who are accustomed to a cold, arid 
climate and a tenuous atmosphere. 

like Ahce of Wonderland fame, some readers may say 
about space travel, *‘I can’t believe that I . . . one can’t 
believe impossible things.” Let such persons heed Che advice 
of Harvard Univertity’s Harlow Shapley, who wrote 
recendy: 

‘^Astronomers must keep their eyes and ears open, watch¬ 
ing and listening to the physicists, engineers, philosophers, 
geologists and chemists. They must dream of the impossible, 
and prompdy design the best way to attain it. Already we 
see the glimmers of a strange dawn, of an exciting era.” 

While our race may endure for thousands of miUions of 
years, it is likely that dvilizations, with their great dtics, 
will rise and iail many times. The archseologist who has 
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wandered among the columns of dead civilizations Jmows 
well that the world is always comii^ to an end. Con¬ 
temporary civilization itself is on the brink of disaster. If it is 
destroyed by atomic warfare, however, fix>m this—the most 
staggering catastrophe in the history of humanity—it is 
possible that man will learn his lesson to do away with war 
for all time. War will no longer be a threat to civilizations, 
unless, of course, man forgets about the catastrophe as he 
struggles out of the wilderness once more. On the other 
hand, if man succeeds in permanently unifying his world 
society, civilizations will probably never rise and fall again. 
It would seem that the only possibility would be through 
an onslaught irom Mars or another planet, which might 
reduce terrestrial civilization to ashes. 

It is common knowledge to the geolt^ist that huge 
variations are occurring in man’s physical environment. 
Though such variations may have been more active a 
thousand million years ago in a more formative period of 
the earth, they are sdll occurring and will continue to 
do so for a long time before die earth has finally settled 
down. These changes will not take place in a period of a 
few cenrories- For continents to dnk below the level of 
seas and new territories to emerge into the sunlight, as the 
result of the geological changes in the level of the earth’s 
crust, one must reckon by thousands of thousands of years. 

The surface of the earth has been transformed many 
times, and in A.D. 60,000,000, for instance, inhabitants of 
the earth will find today’s world as weirdly fascinating as 
we find that of 60,000,000 years ^o. The period from 
60,000,000 to 140,000,000 years ago is known as the Late 
Mesozoic Era. In South America, to choose an example, a 
sea occupied the present site of the Andes from Colombia 
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to the Straits of Magellan. Another invatioa occurred in 
the region of the Amazon Valley. The most svidespread 
floods probably took place in early Cretaceous (the third 
and latest of the periods comprised in the Mesozoic Era), 

At the end of the Cretaceous, the present site of the Andes 
was uplifted in a great chain of mountains. Earlier in the 
Oetaceous, there were a series of mountains, mostly in 
Patagonia, known now as the “Patagonides.” These were 
worn down by erosion to a region of faint relief by the end 
of the Mesozoic era. 

The latter part of the Cretaceous may have been cool 
and dry in places, owing to the uplift of great areas all over 
the world- Before the uplifts, the climate appears to have 
been relatively mild and more or less uniform. This was 
especially true duiii^ the great flooding of the early 
Cretaceous. For palms, ferns and bread-fruit were then 
living in Svalbard, near Spitzbergen—within a few degrees 
of the North Pole, 

Life assemblages are changing always, and in the Late 
Mesozoic, in the widespread seas, a group of reptiles 
dwelled, as huge and hideous as any imagined in fiction. 
There were the ichthyosaurs, which were shaped like a large 
fish with thdr limbs modified in the shape of paddles; the 
plesiosaurs, “reptiJean rowboats’’ with loi^ neeb, limbs and 
tails; and the mosasaurs, which superficially resembled the 
ichthyosaurs and were as long as 35 feet. 

On the land, the dinosaurs roamed incongruously among 
beeches, birches, maples and oaks, for our modem plants 
originated at this time. Among these terrible lizards there 
was tyrannosaurus, the largest land-living, fiesh-eatiiig 
animal known. Havit^ two feet, his head stood about 20 
feet above the found, and he was approximately 45 feet 
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long. Onuthomlmus was a slender, medium-sited, ostrich¬ 
like dinosaur having a homy beak instead of teeth, while 
triceratops had an exceedingly large head, in large part 
made up of frilled bone collar. 

Two kinds of birds were present; but unlike modem 
types, they possessed teeth. And the air was filled with 
frying reptiles, which had small bodies and wing-spreads of 
about 25 feet. They remained in the air by means of a 
membrane extending from the body and hind limb to an 
elongated finger. 

This was the world of lor^ ago. Within a period of a few 
million years, there will be another vast flux and reflux 
of hie and things: the distribution of land and sea and 
mountuns and plains will change; and there wiU be a new 
climate, new life assemblages—and a new earth. 

It would appear that man himself is here to stay, how¬ 
ever. The general cause of extiaction seems to be an in¬ 
ability of life ibnns to adapt themselves to a shiiHng environ¬ 
ment But man*s one great specialisation—his brain— 
means escape from the disasters that have stalked all other 
forms. For man is in a position to solve environmental 
problems by building dries to provide shdeer and pro¬ 
tection. 

However, man is rapidly coming to hold the awesome 
power of self-extincrion. But even if he should commit 
suidde, it might be that be would be reincarnated in the 
ibrm of similar adaptations in the same environment 
millions of years later. Such instances are known to exist. 
Thus the crocodile-like Phytosaurs of the first period of 
Mesozoic rime became extinct yet reappeared in the same 
environmental zone by way of the true crocodile in the 
second period. In some cases, it is believed that the death 
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of a dominaat form destroys its enemies (man himself in 
the possibility of the death of human beiiigs) along with it, 
so that the particular coiridor is left open for renewed 
exploitation by a later life form which starts to evolve down 
the same pathway. 

If man should perish, there is no reason why leaps ahead 
in evolution should not take off ftom comparatis^y un¬ 
specialized forms of life, in which a creature even might 
evolve into a form as high above present man as he is above 
the protozoans—organisms consisting of a single cell or 
group of cells not separable into different tissues, which 
are without mouths, blind, deaf, mute and almost wholly 
destitute of sensation. 

Such a creation might preserve man in places devoted to 
works of Nature, in the manner that we collect fossils of 
ancient worlds today-^creations which cannot die again, 
and with which everything mortal has ceased to be 
associated. Time in its most hoary aspect would invest us 
with a hallowed and a mystic character. The green waves 
would wash us in their coral beds, and after ages of ablution 
in a tempestuous sea, the ordeal of a central fire would 
complete our purification. The bones and the integuments 
and the meanest products of our life would thus become 
sainted relics which the most sensitive might handle and the 
most delicate might prize. 

In ages to come, as the waves of the sea cover the former 
dwelling places of man, as the earth emerges anew—fi'esh 
and regenerated—from the abysses of the ocean, as every¬ 
thing terrestrial changes—mountains, plmns, life assem¬ 
blages, civilizations, languages and customs—the con¬ 
stellations, which have been watched and admired by men 
for SO long that the date of their invention is now unknown, 
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will be transformed innumerable times. For the stars that 
compose the figmes of the constellations move through space 
with velodties greater than those of the planets- Because of 
the immense distances separating us from these stars, 
however, their high absolute speeds result in only exceed¬ 
ingly small angular changes of their observed positions. 
But phob^raphs of the stars taken a few years apart reveal 
these minute changes and permit us to predict how the sky 
will look in thousands of years to come. 

A period as short, astronomically speaking, as 100,000 
years is enough to produce a vast change in the appearance 
of the heavens, so that in the thousands of millions of years 
of the earth’s existence, thousands of revolutions have 
oconred in the sky. What strange constellations shone 
down upon our globe when the only life forms were marine 
or fresh-water types? What curious combinations of stars 
were visible during the age of the dinosatJK? What con¬ 
stellations were above his head when man first emerged 
naked out of the wilderness? Owing to the immense lapses 
of time, these mysteries are too deep to be penetrated. 

In A.D. 100,000 the patterns in the sky will be quite 
different from those we know at present. There will be a 
new heaven, and our remote descendants will have to 
invent novel comteUations to perpetuate their legends and 
mythobgies. 

It should be pointed out that even if the stars were fixed, 
the motion of the solar system itself would produce, In the 
course of so long a period as 1 00,000 years, a great change in 
the constellations, just as the elements of a landscape dis¬ 
solve and recombine in fresh groupings with the traveller’s 
progress amid them- The sun, together with its system of 
planets, travels through space at a speed of 12*2 miles a 
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second, and in a.d. 100,000 the earth will be about 
38,000,000,000.000 miles from its present place. Thus, 
while we are able to predict the future appearances of the 
constellations, the inhabitants of the earth cannot hope to 
see them. The earth will be at another point in space. 

In the year a.e>. 10,000,000,000 (accordii^ to Gamow), 
the univene will be filled with dead or dying slaw. As the 
light emission of the sun sinks to the zero point, the days will 
be turned into nights, and the moon, which shines by 
reflected sunlight, will disappear from sight- The stars which 
will have remained wll have changed their places in the 
darkening heavens. One alter another they will go out, 
like the lights on a fleet of fishing vessels, which, setting 
sail out to sea, vanish in the gloom of night. 
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THE FUTURE OF THE UNIVERSE 

You ARE ALONE IN thc UmVCTiC. YoU ETC, tO bc CXECt, 
the sole survivor in a universe populated with dead or dying 
stars. 

You are looking out at the heavens horn a mountainside 
on a clear night. The sky is an immense black expanse, 
devoid of the myriads of stars which formerly filled it There 
are no bright objects to form consteUadons. Only a few 
dim stars—scattered at huge distances—are darkly visible. 

If you were to look through a telescope, you would dis¬ 
cover that the universe is empty. That is, it would appear 
to be empty. For every galaxy which was visible at one time 
has receded and has passed beyond the limit of the observ¬ 
able universe. Nothii^ that happens within these galaxies 
can be observed again. 

The year is 12,000,000,000 after the creation of the 
universe, or a-d. 10,000,000,000. Soon you will vanish 
from the scene; and the rest of the performance of the 
universe will take place without anyoixe to watch it. But, 
for the present, you are the king of your planet, or rather 
the emperor—no! the supreme being—of the giant universe 
of stars, Are you enjoyii^ your treasures? Or are you slowly 
perishing from loneliness and sadness? 

Ultimately, all space will assume the same temperature. 
Then all enc^y changes will be impossible. There will be 
no heat, no light, no life. All processes of Nature will cease. 
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And in dus unchaining condition, the condidon of 
maximum disorganization, the universe will exist forever. 

According to one school of thought, this is what it would 
be like to dwell in the universe in a.d. z 0,000,000,000. 
Whether any highly developed organisms would be in 
existence at that time, it is impossible to say. 

If you were to look out into space beyond the confines of 
the Milky Way today, you would observe immense numbers 
of bright objects—each one a great city of stars like the 
galaxy to which we belong. These galaxies seem to be 
rushing away fiom each other at speeds of from hundreds 
to many thousands of miles a second; the universe appears 
to be rapidly expanding. If the galaxies really are receding 
from one another (as most astronomers beUeve they are), 
this extraordinary phenomenon indicates that there was a 
time in the remote past when all the galaxies were clustered 
very close together. Calculadom based upon the velocities 
of the receding galaxies show that this condition must have 
existed about 2,000,000,000 years ago. 

A number of theories have been advanced to explwn 
what causes the expannon of the universe. Abb6 Lemaltrc, 
a Belgian cosmologisc, suggests that the univene originated 
from one vast primordial atom which exploded thousands 
of millions of years ago, This was the first atomic bomb, 
and the expansion of the universe is a relic of the titanic 
ei^losion. 

A more recent theory was put forth in 1950 by Fred 
Hoyle, a young Cambridge University astronomer. Ac¬ 
cording to Hoyle, the e:q>losion idea is unsatisfactory: 
thus, for example, the Milky Way shows no evidence that 
an explosion ever occurred. 

Although Hoyle believes that every galaxy we observe to 
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be recedii^ &om m will in a,d. io,ooo»c>oo,ooo have 
passed beyond the Hmic of the observable universe, he 
thinks that an observer in the Milky Way at that time will 
sdll see the same number of galaxies we do now. These 
galames will have condensed out of a tenuous gas which fills 
the whole of space—out of the background material, as 
Hoyle calls it. 

The English astronomer believes that the process of 
galaxy formation can go on indefinitely. The background 
material will never be exhausted, for, accordir^ to Ms 
cosmology, new material appears to make up for that which 
is constantly b eing condensed into galaxies. That is, there 
is a continuotis creation; a tenuous gas is being brought into existence 
perpetuallj. 

The total rate of creation for the observable umverse 
is about 100,000,000,000,000,000,000,000,000,000,000 tons 
of matter per second. And it is the appearance of this matter 
wMch drives the universe: the new material produces an 
outward pressure that leads to the observed expansion. 

The consequences of Horde’s theory are revolutionary, 
in that, with continuous creation, the universe has an 
infinite future. Other theories, on the other hand, wail a 
dirge without hope, a reqtnero. without grandeur, over the 
universe’s future. According to them, the universe must 
evolve to a final state of equilibrium^the sun and stars 
cold, all of creation dead and unchanging. Such a view 
carries with it a great phibsophical difficulty, which can be 
expressed by the question: what rignificance can we ascribe 
to a universe whose ultimate fate is merely the “heat- ^ 
death,” or, as it is technically called, the condition of 
*‘maximum en&opy”? 

There is another recent theory which presents an 
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optimistic view toward the future of the iraiverse. While 
some stars appear to be waning, others, accordmg to the 
Dust Cloud Hypothesis of Harvard's Fred L. Whipple, are 
being formed. 

The Dust Cloud Hypothesis was published in 1948. It 
begins with the fact that there are vast clouds of dust and 
g;as hanging in the abyss of interscdlar space. It has been 
calculated that the total mass of this material is as great as 
that in the stars themselves. Yet the space between the stars 
is 80 immense that the dust and gas is scattered more thinly 
than in the best vacuum that can be achieved on the earth. 

Whipple believes that the light from stars tends to force 
interstellar dust into larger and larger clouds. The pressure 
of light is demonstrated in comets* tails, which are formed 
by the pressure of sunlight expelling dust and gas from the 
head of the comet. 

Finally, a cloud will teach a mass and density sufficient 
for gravity to become stronger than light pressure. For a 
dust cloud with the same mass of material as the sun, the 
two forces of gravity and light pressure would be eqtial 
when the diameter of the cloud was about 6,000,000,000,000 
miles. Further calculations show that such a cloud might 
form and collapse into a star in less than 1,000,000,000 
years, 

Dense, dark clouds of about the same size as the hypo> 
thcticaldust cloud for which gravity equals the l^ht pressure 
on dust have been discovered in each region of the Milky 
Way. This suggests that these small dark clouds might be 
stars in formation. 

It seems more than likely that stars are constantly being 
made from cosmic dust, for stars are observed which are so 
brilliant that they could not have been shining for 
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2)000,000,000 yeais, the estimated age of the universe. 
Thus it would appear that there is a building-up process in 
the universe. 

The magnificent conception of the eternity of nature has 
been expressed by great men of sdence and phiiosophy 
throughout the ages. The spiritistic philosopher Du Prel 
(id&2) makes the planets rush into the dead sun to revive 
it again. His theory reads like a beautiiul poem: 

“We caiuiot believe that the corpses of stars should, like 
icy spectres, fioat through space until reunited with the 
central system which would finally be reduced to Immobility 
by the resistance of the aether. We shall rather regard the 
primary nebula from which the star clusters were formed 
as the product of the reunion of all the stars of a cluster, 
whose motions, converted into light and heat, produced 
a temperature at which the total matter was retransibrmed 
back into a nebula—a cycle which reminds us of those 
‘Kalpas,’ by which the Buddhists designated successive 
periods in the existence of the Universe, counting millions 
of years and separated from one another by destructions.” 

A closer examination convinces the philosopher, however, 
that the entire universe cannot be at rest at the same time; 
the 11 & which perishes in one spot vtiU be blossoming out in 
Its most beautiful shape in another. “Like Penelope, who 
undid at night what her busy hands had woven during the 
day, Nature destroys at times its works, and we have no 
right to ascribe to Nature the intention of completing the 
texture. 

“After the destruction the development of every star 
commences afresh, and from our standpoint of terrestrial 
intelligence, the deep night of total oblivion will cover 
everything that might in a general sense be designated as 
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the history of the defunct stars. No different race, no 
creatures destined for something higher will once become 
the heirs of the Earth, and nothing of all that mankind 
has achieved will pass over into the hands of other 
beings. 

‘‘Thus we find in the cosmos, in proximity, all the 
phases of that eternal transfbrmadon in which gravitational 
movement is converted into heat, and heat into movement 
in space. Here swarms of flaming worlds radiating in their 
fullest splendour, there fading star dusters, in which the 
variable stars indicate the period of decay, and the 
darkened suns attempt by a last eflbre to guard off the icy 
death. Whilst in one legicn the first suns begin to germinate 
in well-defined nebulous spheres, the delicately organized 
solar systems are, in other spots, once more carried out into 
space in the shape of diffused masses of gas. And ever anew 
recommences the Sisyphus labour of Nature.*’ 

Under the criticism of modem science, the theory of Du 
Prel shrinks to nothing. It is the idea of his system which 
exdtes our admiradon, however, not its physical founda¬ 
tion. It may be that FVed Hoyle has at last worked out the 
details of a universe with an infinite future. 

According to the origin of the planets set forth in the 
New Cosmology, there arc nearly 10,000,000 planetary 
systems in the Milky Way alone. But of these, Hoyle 
estimates that there are about r,000,000 planetary systems 
in which life may cast, If the solar system developed by 
condensation of dust douds as proposed in Whipple’s 
hypothesis, other planetary systems are likely to be 
numerous too. The Dust Cloud Hypothecs thus suggests 
the possibility, that worlds with human or intclllgeni life 
may be quite frequent throughout the univetse. In fact, 
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it would $eem that most modem theories of planetary 
origin point towards the presence of a multiplicity of 
inhabited worlds in this great universe of stars. 

There is an important truth to be learned from these 
modem theories of cosmogony, If science is correct in 
imagining that there is a contiiiuous creation or regenera¬ 
tion of the universe, and if the formation of planetary 
systems is a frequent event, then the number of worlds 
in the universe must always bo large. More important, since 
the question of whether life is rare or commonplace in the 
universe depends essentially upon how many planetary 
systems are in existence, it follows that man need not be 
identified with one earth alone, but may rest content in the 
idea that thi life UTOversal is eternal. 

TThus modem science indicates that the universe contains 
cradles as well as tombs, worlds to come and worlds of long 
ago, and that the idea of the plurality of inhabited worlds 
does not apply more particularly to the pr^ent epoch than 
to any other. 

Before the existence of the earth, there were worlds with 
human or intelligent life as there arc now. These ancient 
worlds must have had their Platos, their Roosevelts, 
their Einsteins, thdr Christs and their Montaignes. 
One cannot think without being filled with deepest 
wonder of the innumerable leading spirits—vast beyond all 
human comprehension—who have dwelt in the universe 
in past dmes. And one can hardly keep from smiling at the 
annals of all those who have attempted to write the history 
of mankind. 

When the earth ceases to exist as an inhabited world, 
space still will be occupied with life and planets. At the 
present moment, the universe is filled with clouds of 
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primeval gas, out of which the worlds of tomorrow wU fae 
formed. Those gaseous bodies contain within them, like 
the unconscious chrysalis, the possibilities of the future. 
Ail life with its history, all the great land masses, the 
unfathomable oceans, and all the miles of atmosphere of 
the planets are contained within these interstellar mists. 
But these beings and things will not come into esdstence 
until a long incubatioii of millions of years. These are the 
teachings of modem cosmogonic iheories- 

It would appear, then, that the past of the universe has 
been as brilliant as the present, that the future will be as 
the past, and that the present is of no more importance than 
any other time. It would also appear that life is not an 
accidental, meaningless and extremely fleeting episode in 
the history of matter. On the evidence of recent theories of 
origin, it is possible to say that life is the purpose of the u/werse. 

Until the sixteenth century, people generally believed 
that the earth was the centre of the universe, and they 
regarded man as the central ftet or final aim and end of all 
creation. Then in 1543 Nicholas Copernicus declared the 
sun to be the centre of our system. The dethronii^ of the 
earth meant that its inhabitants were reduced also in 
position; henceforth it was impossible to make man’s 
importance dependent upon the position of his planet. 

Surveying the universe presented by modern astronomy, 
however, one sees that the vast majority of bodies in it 
appear to exist with reference to the needs of life and 
consciousness, and that this will be true during the infinite 
duration of eternity. Thus the universe seems to have as its 
final aim and end not terrestrial life alone, but universal 
and eternal life. 

A curious speculation of planetary life was once made by 
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Camille Flammarion, '‘The earth,” he writes, “gives to 
man his fruits, his flocks, his treasures; life circulates, and 
the spring-time always returns. We might alnwst believe 
that our own existence, so weak and so transient, is but a 
constituent part of the long existence of the planet, like the 
annual leaves of the perennial tree, and that, fellow- 
creatures with the mosses and mildew, we vegetate for an 
instant on the surface of this globe only to subserve the 
processes of an immense planetary life which we do not 
comprehend.” 

Most people say that the end of the world will be the 
most ultimate, irrevocable and irretrievable of natural 
phenomena, But if by the end of the world one means the 
end of the earth as an inhabited world, then it certsiinly is 
not so. For terrestrial life will have descendants and ia a 
sense will live on. Life will be perpetuated on other worlds 
than ours throughout all eternity. 
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